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ABSTRACT

HINES, WILLIAM 1). (UTIniversity of Chicago,
Chicago, 11.), BOB A. FREEMIAN, ANO- GARY It.
PE.RSON. Product ion and characeterizatioii of
BIr-cella spheroplasts. J. Bacteriol. 87:438--445.
1964.-Spheroplasts of Biracella were induced by
gly-cine, penicillin, aInd a comibin.ationi of tie two.
Tbiese spheroplasts lacked cell-wvall endotoxin
btt did(1eactt withi ant iSelrIin3 preplared against
cell wall and against whole cells. P'hase-contrast
photomicrograiphs and elect ron micrographs are
presented, which show nio imorphological differeince
between the protoplasts p)roduce(l by) penicillin
atnd by gly\cine. Th'le gINCillve and glyciine-penicillin
spheroplasts wei e osmotically seiisitive, wotild
nlot reproduce, and only a small percentage ire-
ver ted to the baicillarv formiii. Peniicillin sphero-
pl)asts wotild niot repro(ltdce and were niot os-
itoticalily sensitive. 1lenicilliI splherlatsts showed
significant reversion wsheii indtice(d by low con-

cenitrations of penicillini, hut the rate of reversion
decrease(d with increasing ant ibiot ic concentnra-
t ion. Peniicillini anid glvcine spheroplasts adsorbed
brucell.aphage at a r-edulced( r'ate compared witlh
normal Br ucetta, btit spheroplasts prodticed by
the combined aCt ion of penicillin and glvcine
failed to demolstrate bruIcellaphiag tidsorptio01.

Peerkins (1 963) stimmnarized much of the avail-
able infor111ation1 011 the niatUre of the bacterial
cell wall, an(d notedC that cell wvalls of the gram11-
negative bacteria are nitclh m11ore complex than
tho.se of gram-p)osit ive bacteria. Kellenberger
al11 Ry-ter (1958), in al electronI microscopic
sttudv of thi'n sectionsdof phage-infected Esclier-
ichia colti, obs:)<erved that the cell wvall w-as coin-
l)osed of three layers, each 20 to 30 A thick.
AW'eidel, Frank, and -Martin (1960) fractioinated
cell walls of F. coli 1B andl also fouind three layers.
They (lescribedl an inner hard layer coml)ose(l of
sp)herical pJarticles held together by mtlucopel)ti(les
made til) of alaniine, glutosamine m uramic acid,
diaminopimelic acidl, antI glutam ic acid; the
sp)heres containedl aImlino acicl.s Inot associated
with the pepti(le. Also l)resenlt was a mi(l(lle,
soft lipop)olysacch'aridle l1ayer an(l ain outeIr soft

l)rotein-lilpid laver.

Tl'his (omplexitv of structure has been an
obstacle in producing true protoplasts of gram-
negative bacteria. :Many treatments have been
dlevised that cause the gram-negative bacteria to
b)ecome osmotically sensitive, to lose the capacitv
to adsorb l)hage, andl to lose much of the diamino-
l)inelic acidl and helxosamiiines normally found in

the cell wall. In no case, however, has it been
)ossible to satisfy all criteria for the complete
absence of cell w-all. This mnay be difficult to
accomplish, since both cell wall and cytoplasmic
membrane contain lipoprotein coml)onents, andl
coml)plete dlis.solution of the wall may also result
in damage to the cytoplasmic membrane. In
contrast, true protoplasts, i.e., comp)letely lacking
in cell wN-alls, have been repeatedly (lescribed for
gram-p)osit ive microorganisms (see McQuillen,
1960).
The possibility of pro(lucing lprotoplasts or

lrotoplast-like forms of several strains of Bruicella
\-as investigatedl.

MATERIALs AND) METHOI)D

Ctultuires. The ctultures uised in this investigation
were B. suiis 32P, B. abortuis 2308 (CO2-requiring),
B. abortuis 1279, B. ;oelitensis 2452, and a culture
of B. abort us R19 and its specific brucellaphage
dlescribed by McD)uff, Jones, and Wilson (1962).
'T'he cultures were smiiootb by the oblique-light
technique of Henry (1933) and the acriflavine
test of llraunii an(l lBonestell (1947). Stock cultures
were miiaintaine(l on 2.0 ' Tryptose agar slants
and stored at 5 C. The cells used for the pro(luc-
tioil of spheroplasts w-eie from 24-hr cultures in
Trvptose broth, grown with shaking at 37 C.

Splheroplast production. Brucella cells to be
converted to slpheroplasts were washed by cen-
triftugationi froIml broth (tilture. Approximately
109 cells were added to a flask containing 30 ml
of autocla-ed lrvl)tose broth with 0.2 m sucrose.
1lo indutce peni(illin slhberol)lasts, penicillin G
was a(l(ledl to a final (oncentration of 1.5 tinits
p)er ml. Glv-cine spheroplasts were produced by
the addition of 2.0' (w/v) gl-cine to the medium.

All l)rel)arations were in(ubated at 37 C with
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BRUCELLA SPHEROIPLASTTS

gentle rotation for 48 hr. The suspensions were

examined by phase microscol)v at the end of this
time, and the extent of spheroplast formation
was calculated from Petroff-Hausser counts.
Endotoxin titration. Spheroplasts were titrated

for enclotoxin activitv bv use of the rabbit
epidermal sensitivity test of Larson etal. (1960).
'T'he spheroplast preparatioins of B. suiis 321' an(l

a control suspension of a 24-hr culture of normal
B. suis 321' ere fixed in 0.4% formalin for 24 hr.
They were washed three times in saline, diluted,
anti 0.2 ml was injectedl intradermiallv into rab-
bits. An ervthema 0.5 cmn in liaml-eter afteI 48
hr was taken as the endlpoint.

Phage adsorption. To test spheroplasts for
phage adsorption, we employed B. abortuis R19
and its specific phage. Spheroplasts were reacted
with phage at an infection multiplicity of 14 by
use of 109 bacterial cells in Albimi broth with 0.2
Ai sucrose. Samples were removed at intervals,
diluted :100 in Trvptose broth with 0.2 m

suicrose, and centrifuged at 1,900 X g for 5

imin. The supernatant flui(d wvas savedl, ancd the
resildue was resusplended in 10 mil of Irvl)tose-
stucrose broth and centriftuged again at 1,900 X g

for 5 imin. Ihese supernat-ants -ere pooled and
assayed for free phage by u.se of the soft-agar
techniique of Adams (1959). The residue wvas

susl)endcd in 1.0 mil of Tryptose-sucrose broth
and assayed for infective centers by the soft-agar
technique. As a control, B. itelitensis 2452 was

usedl to assay for nonspecific adsorption, since
this strain does not pol5sess5 receptors for the
phage; adsorption was insignificant.

Comtiplemtient fixation. Antigen titrations were

performe(l on spheroplasts anid noirmlal cells by
use of a imiodificationi of the 50%'( hemolvtic enid
point coml)lement-fixation test (Taliaferro and
Taliaferro, 1950). Slpheroplasts were fixede ith

formalin ancd counted in the Petroff-Hausser
chamber. Samples wcre reactedl with an arbitrary
amount (0.5 ml) of specific rabbit antiserumn in the
presence of four 50c'% units of comlplement at 37 C
for 1 hr. Alhemol-tic sy-stell, (0ol1sisting of sheep
red 1)lood cells and four 50%'' tunits of hemiioly sin,
was ad(l(le and incubated foIm 0.5 lhr at 37 C. The
degree of hemolysis was rea(l against a Veronal
buffer blank at 640 m,i on the Beckmlian mo(lel
B spectrophotometer. By- use of a collparaable
volume and amounit of sheep cells l-se(d w-ith
distilled water, 100,' lysis as dletermine(l. 'The
per (ent hemolysis was plotted against the log of
the antigen dilution. Tlhe nutmber of antigen

units (AH50 ) was taken as the antilog of the
antigen dilution showing 50%' hemolsis. h'l'e
amount of antigen is exlpresse(l as the numbl)er of
AH5o units per 109 cells.

Electron miiciroscopy. Spheroplasts an(l normial
cells were fixed in 0.4; (7 form-laliin for 24 hir and(l
washed oInce in salinie; a (IIO) containing about
107 bacteria per ml was l)lace(l on a carbon-coated
copper gri(d and allowedl to dlry. They were then
chromium shadlowed at an angle of 900 and(
observ-ed in a RCA model EMU\It -2D electron
microscol)e.

Mlorphology and strain variability. Table I shows
the tlifferences in the susceptibility of v-arious
Bruicella strains to the spheroplast-inducing
properties of glvcine. Tl'he four Brucella strains
were exl)osedl to 2.0%,C; glycine for 48 hr. A (liffer-
ential normal cell-spheroplast count of each
strain was then made in a 1'etroff-Hausser
chamber, ancI the percentage of spherical forms
Nas cal(ulated for each. B. suiis 321' showed the
best conversion to spherical form (99+ (), anlI
B. mtielitensis 2452 showed the greatest resistance
(10, conversion). B3ecause it gave consistently
the best conversion, B. suiis 321' was used in the
remainder of the study, except where otherwise
notedl.
The morphology of the spheroplasts, as viewedl

by lhase-contrast microsco)y, ap)peared to l)e
similar irrespective of the induction method. 'They
appeared to be greater in volume than the normal
rod, were spherical, and were usually biphasic
with a (lark crescent on one side. T'hev were
rarelv a uniformii gray or a (lark sphere smaller in
volume thain the average spheroplast. Figure 1
illustrates the similar feattures of the gly-cine-
induce(l and the penicillin-in(luce(l lspheroplasts,
together with normal cells for comlparative
purposes. The penicillin-glyc(ine sl)herop)lasts
were not (lifferent in appearance fromi those
shown.

TABLE 1. Sensitivit1 of(IDfiffelrct Botcella to
qlcine-irnduced spheroplast formation,

Per centStrain spherical forms

B. suis 321.99
B. abort us 2308. 90
B. (aboltus 1279.40
B. menitensis 2452....................... 10

Vor 87,1 196)4 4:')9
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FIG(. 1. Brucella stais 32P, phase contrast (X 1,000). (a) Spheroplasts indtce(td by 2.0% qylycine, after 48
hr. (b) Spheropltasts ind(tced by 1.5 units per ml of penicillin, aifter 48 hr. (c) Nornmal Bruella.

To demnonstrate moie of the fiine structure of
the slherol)last, electron miicrographs -ere made
of whole mounts of normiial cells an(d of the sphero-
plasts. Only the penlicillin an(l the glvcine-indlucecl
spheroplasts are shown here, since there is again
very little (lifference in morp)hology att ributahble
to (lifferent inducers. Figure 2a shows an early-
stag pelenicillin spheroplast; Fig. 21) show.s a late-
stage gly-cine spheroplast. It is clifficult to dleter-
mine whether the cell in Fig 2h) hias lost its cell
wall, but the plenicillinl spherop)last in Fig. 2a has
what appears to he an area of residual cell wall
near the middle with a bud of protoplasmn project-
ing awav from the existing w-all. The olifferences
seen here are due to the timie of exposture to the
indlucer.

Penicillin-glycine induiction. Since both penicil-
lin and glvcine had similar effects on the morl)hol-
ogy of Brucella, andl the effects variedl Nith the
strain used, we tested the (commbined action of
penicillin and gI!ciIne oIn B. sutis 32P. Our dlata
indi(ate that penicillin andl gly-cine are synergistic
in their action oii the cell w-all. Tlhe hest sphero-
plasts are formed wN-ith 0.25 units of penicillin
per mil and( 0.4%' glvcine. No multiplication was
seen undler these circuumstances hut, if these
concentrations wvere used singly, the cells divided
and assumlledI an aberrant spheroplast-like mor-
lhology, i.e., they wvere not perfectly spherical
but were swollen andl often misshapen. AIn in-
crease in the concentration of either or both of
these inducers fromn 0.25 unlits per ml of penicillin

and 0.4' (j glycine causedl less spheroplast forma-
tion. If 0.75 units per mlll of penicillin ancd 1.0%c-
glycine were use(d (concentrations which, if used
singly, woould in(luce slheroplast formation), the
bacteria were killed and remained as rods. If
less than the o)timal level of one or both of the
inducers wvas used, division occurred, but the
dlegree of sl)herol)last formation was delcreasedl.

Sphieroplast formatiotn ai?d osmIotic sensitivity.
Tlnhe increase in volune ani(l the spherical shape
assume(d bv the normally rod-shaped Bruicella
indicate a change in suscep)tibility to ossmotic
pressure. h'l'erefore, it was exl)ectedl that einv-iron-
ments with (lifferenit degrees of osmnotic pressure,
as controlled by sucrose concentration, would
have different effects on spheroplast formation.
The spherol)lasts were induced bh 2.0' glccine

or by 1.5 units per ml of penicillin in Tryptose-
sucrose broth. The penicillin-glycine spheroplasts
hehav-ed exactly like the glycine lspheroplasts in
their susceptibilitv to osimotic environment.
Figure 3 shows the changes in optical density
during the formationi of the spheroplasts in
different concentrations of sucrose.

\Iorphological changes were followed simul-
taneously by phase microscopy. At 8 hr, both
the penicillin- and glyc-ine-treated bacteria
showed abnormal forms. Ahout 50%((1 of the
organisms had lost their normal configuration
and were swollen to a more oblong shape, or a
particular area of the wall was weaker and showe(d
distension. At this timie only 2 to 3% of the
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FIG. 2. Electron micrographs of Brucella suis 32P, whole mmonts. (a) Early stage in the formlation of
spheroplasts induced by 1.5 ?inits per il of penicillin (X 20,000). (b) Late stage in the form7ation of sphero-
plasts induced by 2.0%), glycine (X 21,000). (c) Normnal Bruicella (X 36,000).

organisms were spherical; all were spherical at
48 hr in both preparations.

Figure 3 shows that the penicillin-treated
Brucella steadily increased in optical density
irrespective of the sucrose concentration. This
increase was at first due to an increase in proto-
plasmic mass and division of the bacteria. How-
ever, as will be discussed below, the rise after a
few hours was due to increase in protoplasmic
mass onlv.
The glycine- and penicillin-glycine-treated

Bruicella increased in optical density only in a
medium with more than 0.15 Ni sucrose. At lower
concentrations, a steady drop in optical density
was seen and observations by phase microscopy
showed increasing numbers of lysed spherical
forms. However, even at 48 hr, over 50(%. of the
original bacteria were seen as intact spheres.

Reversion and osmotic sensitivity. Another
method to detect changes in sensitivity to osmotic
pressure is to observe osmotic pressure effects on

multiplication of spheroplasts in the absence of
inducer. Table 2 shows the effect of sucrose
concentrations on spheroplasts. A Iletroff-Hausser
chamber was used to determine the number of
spheroplasts present in the original suspension.
Samples were pipe)tted into tubes with graded
concentrations of sucrose. After 2 hr, these
suspensions were serially diluted in the corre-
sponding solutions and plated on Tryptose Agar
with 0.5 M sucrose. The resulting viable counts
are considered to represent reversion of sphero-
plasts to the rod-shaped form.

All the colonies of both penicillin spheroplasts
and glycine spheroplasts were composed of rods.
About 256;, of the penicillin-induced spheroplasts
could revert; sucrose had no effect on this rever-
sion. At best, only 1.4%., of the glycine-treated
Brutcella could revert, and the effect of osmotic
pressure was similar to that seen by following
optical density; similar results wvere obtained
with penicillin-glycine spheroplasts.

VOL . 87 X 1964 441
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TRYPTOSE were used (20 units per ml or more), the Brucella
a were killed and remained as rods, whether in

0.05M TrVptose or Tryptose-sucrose broth. Every
attempt to show an increase in number of bac-

0.15M

teria, in broth me(lium, at lenicillin concentra-
tions greater than 1 .5 units per ml was unsuccess-

Bruicella grown in penicillin on Tryptose agar
wi'th 0.2 Mi sucrose were able to divide as sphero-
plasts. l'enicillin, in a range of 0.1 to 4.0 units
per ml, in(luced the Brtwcella to form colonies
composed of spheroplasts; lower ranges induced

0) 10 20 30 40 5'0 only aberrations in the typical rod shape, but not
HOURS true spheroplasts. At higher concentrations of

penicillin, few colonies were seen.

Vb The effect of varying glycine concentration
was similar to that with penicillin. At concentra-
tions of glycine less than 0.5%',c,the Brucella
could divide. Their shape was not truly spherical
but instead there w-as a w-ide varietv of aberrant
forms present. At coniceintrations of 1.0 to 4.0%,
glycine induced spheroplasts which did not divide

0=IM and could revert only to a sinall degree.
Coat plentient fixation. It might be expected that

the changes in the ability to multiply and in the
structural rigidity of the spheroplast, would be

10) 10 20 3OUR0 40 50 reflected in antigenic changes. To test this, rabbit
HOURS antiseruIm-i was prepared against whole Brucella,

FIG. 3. Changes ill optical denlsity of spher o-

plast sotspenisionis of Brucella snis 32P in the pr es-

ence of gradedl 5s CrOse CoOncentrations in 2.0%16
Tr 1yptose Br oth. (a) Penlicillin -in ducecd spherc-
plasts. (b) Glycine-iniduccd spheroplasts.

Division of sph1eroplasts. 'he limited number of
the spheroplast,s that arc able to revert in the
absence of inducer raises a question of the ability
of spheroplasts to divide, as spheroplasts, even if
kept under propei osmotic conditions. The effect
of lpenicillin onl B. sitis 321 N-arie(l itlh the eon-

centration of penicillin used. At penicillin con-

centrations of fromii 0.1 to 1.0 uinits per m1l, the
Br owcella w-ere able to grow andl divide as slheroi-
(lal formls that tell(led to stay in c1hains, but no

true spheroplasts w-ere seeni. Whether in Tryptose
broth or 1'ryptose broth Nvitlh 0.2 Mi .;ucro.,-e 1.2
Unlits of penicillin per ml l)revente(l the division
of cells, ancd splieroplasts were formed. At con-

centrations from 1.2 to 10 units pzer ml, splhero-
p)lasts were formed that could not dlivide, and
above 10 units of l)cnicillin per ml the spherol)lasts
reverted to a verv slioht degree only- (about
0.01 C). If highel concenitrationis of penicillin

TABLE 2. Reversion o*f I3racella spheroplasts
in, gfraded soc,-o.se concentlrations

Per cent viable spheroplasts
Sucrose concn Penicillin-

induced Glycine-induced

.11

(.4( 2-4 1.3
0.3() 24 1.3
(I.20 25 1.4
0.15 25 1.3
0. 10 22 0.20
0.05 22 0.02

D)istilled water 22 0.0034

TA BLE 3. Quantitatire estimation oJ antigenis of
B13ucclla so is 32?1 spheropla sts and niolrmtial cells

as ma.sured(l 1)!! complemcid ]i..rxation
Spberoplasts induced by

.Antiserum to Penicillin
Penicillin Glycine glycin- Control

(Cell wall ......... 388 50 2.3 16
Vlrhole cells....... 42 .32 20 11

* In AHl-)!) units. See text for details.
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BRUCY'ELLA SPHEROPLASTS4

and Brtwcella cell walls. A sample of the whole
antiserum wvas adlsorbecl with intact whole cells
to prepare an antiseruii presumably specific to
the protoplasm. These antisera were reacted
against the several spheroplast preparations, as
shown in Table 3. The adsorbed serum is not
shown becauise it failedl to fix complement in any
of the reactions. The spheroplasts always reacted
to a greater extent with both the whole cell and
the cell-wall antiserum than did normal cells.

Endotoxin titration. In spite of the failure to
demnonstrate the loss of any antigens fromn the
spheroplast, we were able to show a comnlplete
loss of the Bruicella endotoxin. Foster and Ribi
(1962) demonstrated that this endotoxin was
present in isolated Bruicella cell wall; Table 4
shows that our penicillin and glycine spheroplasts
do not contain endotoxin.

Phage adsorption. The bacterial cell wall plays
a definite role in the ability of bacteriophage to
attach and penetrate the cell. Certain alterations
of the bacterial surface might not effect phage
adsorption, and other changes might completely
block it. As described earlier, phage adsorption
was determined both by infective centers and by
the decrease in number of phage in the superna-
tant. 'The presence of 0.2 Mu sucrose in the Albimi
broth used for adsorption had Ino measurable
effect on the adsorption of the brucellaphage.
Figure 4 shows the results of the phage adsorption
on normal Bruicella abortus R19 and on sphero-
plasts made from this strain. By the infectiv e
center method, penicillin spheroplasts and glIvcille
lspheroplasts adsorbed only to a slight extent,
while penicillin-glycine slheroplasts showed no
adsorption. When the number of l)hage remuaining
in the supernatant was- counted, it was found that
the penicillin spheroplasts and the gly-cine sphero-
plasts had adsorbed to a much greater extent than
was shown by the infective center method, but the

TAB1l,E 4 En doto.rin of Brucclla suis 32P
spheroplasts anld nrorntal cells as
measur0, red by ep id/ern al torxicity

in rabb)its

BriucellUa treatment Skin-reactive

Ag

Control (normial cells) .................. 0.41

(Gvlveilne spheroplasts .................. 438.0
Pen.icillin spheroplasts 41.0

* See text fo:r details.
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FIG. 4. Brucellaphagle adsorption to Brucella
abortus R19 spheroplasts and nornial cells. (a)
adsorption as measiur ed by infective centers. (b)
Adsorption as measured by free phage in the super-
natant fluid. Normal Brucella, A; glycine sphero-
plasts, 0; peniicillin spheroplasts, 0.

penicillin-glycine slheroplasts still showed no
phage adsorption.

DISCUSSION

The data presente(l here show that neither
glvcine, penicillin, nor combinations of the two
are capal)ble of completely eliminating Bruiceila
cell wall and thus l)roducing a true protoplast.
Further, it is obvious that the different treat-
ments act in different ways, and that glycine and
penicillin may have synergistic action on Bruicella
cell walls.
The spheroplasts produced by the combiined

action of p)enicillin andl glycine imost nearly
resemible true protoplasts. They are spherical,
osmotically sensitive, fail to adsorb specific
bacterioplhage, fail to revert to bacillary forms,
and (lo not possess endlotoxin.

N' il,. 87,- 196;4 443
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However, insofar as the methods employed
were able to detect, a good part of the cellular
antigens are still present and no new surface
antigens are uncovered, as shown by the failure
of antiserum adsorbe(d with intact Bruicella to
react with the spheroplast. It will be noted, in
fact, that the spheroplasts consistently showed
greater antigen reactivity than did normal cells.
We believe that this is explained by the increased
surface area of the spheroplast, which makes
antigen more available to antibody. AW'hile these
findlings may indicate that cell wall is still present,
the final decision musit await proof that, there is
no sharing of antigens between cell wvall and
protolplast.

Spheroplasts induice(d by either glycine or

penicillin have some characteristics in common.
They are spherical and do not possess endotoxin.
Both adsorb brucellaphage, although to a greatly
reduced extent when coompared with normal
Brtucella, and both still possess antigenic activity.
Electron micrographs also demonstrate that the
rigidity of the cell wall is lost by treatimtent with
either penicillin or glycine. Although early-stage
penicillin spheroplasts are shown to possess
residtual cell wall (Fig. 2) while glycine sphero-
plasts do not, experience has shown that this is
not attributable to the inducer, but rather is
due to the time of exposure. Early stage glycine
spheroplasts resemble those in Fig. 2a, and late-
stage lpenicillin sl)herolplasts resemble those in Fig.
2b. l'enicillin and glycine spheroplasts differ,
hoNever, in several iml)ortant aspects. P'enicillin
spheroplasts are not osmotically sensitiv-e and
are cal)able of rev-ersion to the bacillarv form
to a significant extent; glvcine spheroplasts are
sensitive to loweredl osmotic lpressure and revert
only slightly. Park (1958) postulated that both
these agents act to inhibit synthesis in a manner
that causes an accumulation in the cell of uridine-
5'-pyrophosphate derivatives; the precise mech-
anism is not known.

It is l)ossible that the failure to produce osmoti-
callv sensitive spheroplasts with penicilliin is due
to the use of low concentrations. It is, however,
(lifficult to study higher penicillin concentrations,
since there appears to be a lethal effect not
associate(l with spheroplast forimiation which
becomies active at concentrations of 10 units per
ml or more. In this case, the penicillin apparently
acts very quickly to kill the Bi ticella, leaving the
cells covered by a rigi(d cell wall. At lower concen-
trations, the synthesis of the cell wall may be

only partiallv inhibited so that the cell can con-
tinue to grow until a weakness in the wall devel-
ops or until cell-wall synthesis has stopped com-
pletely. By this time, the cell could have assumed
a spherical configuration.

Still another significant difference between
glycine and penicillin spheroplasts is that seen
in the phage adsorption studies. Glycine and
penicillin spheroplasts both have a decreased
ability to adsorb brucellaphage, but glycine-
penicillin spheroplasts do not adsorb the phage
at all. Since reduced (oncentrations of penicillin
and glyc-ine were used to form the penicillin-
glycine spheroplasts it seems unlikely that this is
a concentration effect. It may be that the two
compounds act synergistically to remove most or
all the phage receptors, whereas each one acting
separatelv can remov-e only a part of the receptor
sites.
The difference in the adsorption rates, as

measured bv the infective-center method and by
measuring the number of phage remaining in the
supernatant fluid, is probably due to the fragility
of the spheroplasts. Lysed spheroplasts, even if
they had adsorbed phage, would not support their
multiplication and no plaque would be formed.
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