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OF BACILLUS MEGATERIUM 

by 

K E N N E T H  McQUILLEN 
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Exciting advances are being made in our knowledge of the structure of b a c t e r i a - -  
cell walls, flagella, nuclei, fine-structured membranes, "mitochondria",  all these and 
others are being prepared, stained, sectioned and electron-micrographed in increasingly 
convincing and beautiful fashion. On the other hand, the functions and capabilities of 
sub-cellular fractions are less well understood and continue to be studied. "Particles" 
of various shapes and sizes, prepared in a variety of ways, are being found to possess 
singular proper t ies - -cer ta in  enzyme systems and pigments, for instance, are found 
exclusively in certain "particles". Ultimately our understanding of the bacterial cell as 
an integrated unit will depend upon knowledge of the relationship between structure 
and function. 

There are many  ways in which bacteria can be taken apart  (HuGo 1) and most of 
them have been used both by cytologists and biochemists. One of the more favoured 
methods at present is supersonic disintegration. GALE AND FOLKES 2 have reported on 
the incorporation of labelled amino-acids and the synthesis of proteins by staphylococci 
disrupted supersonically and then extracted in various ways. I t  is difficult to know 
however, just what bacterial structures are involved and the material used represents 
only a small fraction of the original dry weight of the cells. I t  may well be that  these 
limitations are inherent in mechanical methods of breakage. An alternative method with 
certain advantages would be controlled enzymic degradation of intact bacterial cells. 
Unfortunately, few enzyme systems are known which can be used on living bacteria 
and only a few bacterial species are susceptible to these. At the present time lysozyme 
(FLEerING 3) appears to be the most useful. 

LESTER 4 has shown that  lysozyme-treated Micrococcus lysodeikticus retains some 
ability to incorpotate leucine into the protein fraction and that  this can be enhanced 
by additional presence of deoxyribonuclease (DNA-ase) or abolished by ribonuclease 
(RNA-ase). Similar findings were reported by BELJANSKI ~ who used glycine in place of 
leucine. One important  feature emerging from this work was that  activity was dependent 
upon the lysozyme t reatment  being carried out in the presence of sucrose. In neither 
case was the enzymically prepared material characterised so far as its structural rela- 
tionship to intact cells was concerned. 
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Lysozyme has long been known to cause lysis of certain species of bacteria but 
recently SALMON 6 has shown that the isolated cell walls of Bacillus megaterium and 
Sarcina lutea as well as M. lysodeikticus are "substrates" for this enzyme. Moreover 
WEIBULL 7 has used lysozyme to digest living cells of B. megaterium in the presence of 
sucrose and has obtained two, three or four spherical protoplasts from each intact cell 
when the cell wall and cross septa have dissolved. The protoplasts can be prepared in 
excellent yield, comprise about 80% of the dry weight of the original cells, and respire 
glucose at the same rate as intact organisms. They are, however, extremely fragile and 
while they retain some of the physiological characteristics of cells, they have not been 
shown to form colonies or even to divide. Similar preparations have been obtained by 
the writer from M. lysodeikticus and S. lutea. It seems possible that the material used 
by LESTER 4 and BELJANSKI 5 contained comparable structures. 

Protoplasts, formed by controlled degradation of intact, living cells, would seem to 
be ideal for preliminary studies of the relation between structure and function at a 
level one step below that of the intact cell. This is the first of a series of papers in which 
various aspects of the biochemistry and physiology of protoplasts are discussed. Here 
it is shown that the rates of protein and nucleic acid metabolism are comparable with 
those in intact, growing cells. In the following paper s in collaboration with SALMON, the 
development of bacteriophages in protoplasts is described. A further paper will deal 
with adaptive enzyme synthesis. 

METHODS 

Organism and growth conditions 
Bacillus megaterium KM (kindly p rov ided  by  Dr. M. R. J.  SALMON) was t r a ined  to grow in a 

s y n t h e t i c  m e d i u m  con ta in ing  basa l  sa l ts  solut ion " C " -  NH4C1, 2 g; NazHPO4,  6 g; KH~PO4,  3 g; 
NaC1, 3 g; Mg +2, IO m g  (as MgCI2); S, 25 m g  (as NazSO4) and  wate r  to IOOO ml ;  glucose, s ter i l ised 
separa te ly ,  was added  to give a final concen t r a t ion  of 0. 5 % w/v  (Mc QtlILLEN AND ROBERTSg). Th i s  
m e d i u m  is referred to as C/G. The  o r g a n i s m  was  grown ove rn igh t  a t  3 °0 C in t ubes  con ta in ing  5 ° ml  
of ae ra ted  m e d i u m .  Af ter  severa l  sub-cu l tu res ,  t he  m e a n  genera t ion  t ime  du r ing  t he  exponen t i a l  
phase  of g rowth  was 6o-90  min  and  t he  d ry  weight  of o rgan i sms  had  reached  nea r ly  i m g / m l  when  
g r o w t h  ceased. (These proper t ies  were u n c h a n g e d  af te r  p la t ing  ou t  on 2 % peptone-agar ) .  The  cells 
were h a r v e s t e d  f rom the  m e d i u m  C/G and  washed  wi th  C m e d i u m  before use. 

Preparation o] protoplasts 
Cells were su spended  in C or C/G con ta in ing  7.5 % w/v  sucrose (C/S or C/G/S). Crvsta l l iue  

l y sozyme  (Armour)  was  added  ( ioo  #g /ml)  and  af te r  lO-3O min  a t  room t e m p e r a t u r e ,  convers ion  
of t he  bacilli to spher ical  p ro top la s t s  was comple te  as de t e rmined  by  inspec t ion  unde r  t he  phase  
c o n t r a s t  microscope.  Suspens ions  could be d i lu ted  wi th  suc rose -con ta in ing  med ia  and  were some t imes  
cen t r i fuged  and  careful ly  r e su spended  in C/G/S, b u t  r educ t ion  in t he  osmot ic  pressure~of the  s u s p e n d i n g  
m e d i u m ,  v igorous  aera t ion ,  or  shaking ,  all caused  b reakage  of t he  pro toplas t s ,  l iberat ion of v iscous  
cell c o n t e n t s  inc lud ing  deoxyr ibonuc le ic  acid (DNA), and  appea rance  of " g h o s t s "  and  part icles .  

Metabolic experiments 
B. megaterium has  a s t r ic t ly  aerobic m e t a b o l i s m  and  i t  was  necessa ry  to devise  an ae ra t ion  

p rocedure  wh ich  would cause  m i n i m u m  d a m a g e  to the  del icate  p ro top las t s .  The  m o s t  sa t i s fac to ry  
m e t h o d  was  found  to be t he  use  of s toppered  t e s t - t ubes  ha l f  filled wi th  t he  appropr ia t e  suspens ion  
of cells or  p ro top la s t s  in a m e d i u m  con ta in ing  t he  s u b s t a n c e s  being s tudied.  The  t ubes  were gen t ly  
rocked on a special ly cons t ruc t ed  rocking  p la t fo rm.  In  some  cases  o.oi  % w/v  gelat in  was added  
s ince the re  was some  evidence  t h a t  th is  gave  add i t iona l  p ro tec t ion  to t he  pro toplas t s .  

[sotopically-labelled substrates 
CH2NHz14COOH (0.9 m C / m - m o l e  and  2. 7 mC/m-mole ) ;  CH314COONa (2.65 mC/m-mole)  and  

randomly- l abe l l ed  D-glucose (2.25 mC/m-mole )  were ob ta ined  f rom the  Rad iochemica l  Centre ,  
A m e r s h a m ,  Eng l and .  R andoml y - l abe l l ed  uraci l  and  t h y m i n e  (each approx .  2. 7 mC/m-mole )  were 
worked up  in th i s  l abo ra t o ry  f rom res idues  ob ta ined  f rom the  s ame  source.  

Re]erences p. 39o. 



384 K. MCQUILLEN VOL. 17 (1955) 

Chemical ]raclionation o/cells and proloplasts 

The me thods  used were s imi la r  to  those  descr ibed by  Mc QUILLEN AND ]~OBERTS 9. Samples  
f rom incuba t ion  m i x t u r e s  were cen t r i fuged  and the  pe l le t  e x t r a c t e d  wi th  5 °o t r ich lorace t ic  acid 

o/ (TCA) in the  ice-chest  for 3 ° min  and then,  a f te r  sp inn ing  down again,  washed  once wi th  cold 5 /o 
TCA. Lipid  was  e x t r a c t e d  by  75 % aqueous  e thano l  for 3 ° min  a t  40-5 °°  C followed by  i / i  e ther /75 % 
aqueous  e thano l  for 15 min  a t  37" C. Nucleic  acids  were then  removed  by  5 % TCA ex t r ac t ion  for 
15 min  a t  95 ° C. The  p ro te in  residue Was washed  wi th  acidified e thano l  and  then  ether .  In  a few 
expe r imen t s  the  in i t i a l  cold TCA ex t r ac t ion  was  carr ied  ou t  by  add ing  an equal  vo lume  of io  % TCA 
d i rec t ly  to  the  sample.  

P ro te in  f rac t ions  were dissolved in o.I N N a O H  or hydro lysed  wi th  6 N HC1 in sealed tubes  
for 16 hours  a t  lO 5 ° C, dr ied  down and redissolved in water .  Samples  for coun t ing  were t rans fe r red  
d i rec t ly  to  po ly thene  p l anche t s  unless t h e y  con ta ined  TCA in which  case t h e y  were first washed  
four t imes  wi th  an equal  vo lume  of ether.  Counts  were made  on samples  less t h a n  i mg/sq cm af ter  
drying.  

Chromatography 

Pro te in  hyd ro ly sa t e s  were run  two-d imens iona l ly  on W h a t m a n  No. I pape r  us ing sec-butanol/ 
formic ac id /wa te r  followed by  phenol /NHa/waterg .  Nucleic  acid was hydro lysed  in o . i  N HC1 a t  
l o o ~ C  for I hour  and  a f te r  r e m o v a l  of the  acid, the  h y d r o l y s a t e  was  c h r o m a t o g r a p h e d  one-di- 
mens iona l ly  in 7o°o lert-butanol in o.8 N HCh R a d i o - a u t o g r a p h s  were p repared  on Ilford X- ray  
film ( Indus t r i a l  G) and u l t r a -v io l e t  l igh t  p h o t o g r a p h s  on I lford Reflex Contac t  D o c u m e n t  Paper .  

EXPERIMENTS AND RESULTS 

The ability of protoplasts to carry out synthetic reactions was tested by adding 
isotopically-labelled glycine, acetate and glucose to comparable suspensions of intact 
cells and protoplasts and, after rocking at 3 °° C for I hour, fractionating the preparations 
as described above. Table I shows that  glycine and glucose carbon was incorporated into 
both protein and nucleic acid and that  acetate contributed carbon to lipid and protein 
fractions (a small amount of activity was also found in the nucleic acid: this would be 
expected if acetate is a partial precursor of aspartic acid and this of pyrimidines as is 
the case in Escher ich ia  coli  (McQuILLEN AND ROBERTS9). 

T A B L E  I 

FIXATION OF GLYCINE, ACETATE AND GLUCOSE BY PROTOPLASTS 

Tracer Lipid Nucleic acid Protein 
c.p.m, c.p.m, c.p.m. 

Glycine  KM ~ 211o 9490 
P - -  lO2O 6890 

Ace ta te  KM 1125 420 8280 
P I925 lOO 6 8 6 0  

Glucose KM 24o 15oo 
P - -  I8o 590 

E a c h  t u b e  con ta ined  4 mg  of cells (KM) or p ro top la s t s  (P) in i o  ml  C/S. 14C-glycine (7.5/~g, 
45,ooo c.p.m.) and  12C-glucose ( ioo  mg) were added  to one pa i r ;  14C-acetate (31 t,g, i65,ooo c.p.m.) 
and  l~C-glucose ( ioo  mg) to a n o t h e r  pa i r ;  and  laC-glucose (i mg, 83,ooo c.p.m.) to the  th i rd  pa i r  
of tubes .  Resu l t s  are expressed  as c.p.m, fixed af ter  i hour  a t  3 °o C. 

These results suggested that  glycine would be a useful tracer since incorporation 
into nucleic acid as well as protein implied probable synthesis of purines and conversion 
of these into nucleic acid, i.e. de novo synthesis, whereas GALE AND FOLKES TM have shown 
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that  uptake of a single amino-acid into protein can apparently occur in the absence of 
net protein synthesis (see DISCUSSION). Most of the subsequent work was therefore 
carried out using labelled glycine so that  incorporation of radio-activity into both 
protein and nucleic acid could readily be followed. 

By preparing radio-autographs of chromatograms of protein hydrolysates it was 
confirmed that  protoplasts as well as intact ceils converted tracer glycine to protein 
glycine. Similarly radio-autographs and ultra-violet light photographs of nucleic acid 
hydrolysate chromatograms showed that the radio-activity incorporated from glycine 
was localised in adenine and guanine suggesting the presence of conventional pathways 
of purine synthesis. 

Effects o~ relative concentrations o] organisms and glyeine 

Since B. megaterium can grow with glucose as sole carbon source it is evident that  
glycine can be synthesised by this organism. The extent of incorporation of tracer 
glycine might thus depend on the relative amounts of exogenous and endogenous glycine. 
The effects of varying the relative concentrations of glycine and organism were s tudied  
I t  was found that  increasing the exogenous glycine concentration from 0. 5 to 4 ~g/ml 
resulted in nearly 4 times more activity being taken up by protoplasts in the same in- 
cubation period. Similar effects were observed when the amount of organism was altered. 
Table I I  expresses the glycine fixation in terms of/ ,g/rag of organism and it can be seen 
tha t  in a 3 hour incubation, protoplasts incorporated glycine equivalent to 1% of their 
own dry weight under certain conditions, while intact cells fixed almost double this amount. 
That  such high levels of incorporation were into both protein and nucleic acid fractions 
is shown by the data in Table I I I .  Since tile incubation system in these experiments was 
satisfactory for growth of the whole cells, the capabilities of the intact organisms were 
perhaps not surprising but it was gratifying to find that  the fragile protoplasts were 
almost equally competent.  

TABLE II 
EFFECT OF SUSPENSION DENSITY ON GLYCINE UPTAKE 

Glycine fixed 
Dry weight o! l*g/mg ol organism 
organism ~'ml 

pg K M  P 

8 0 0  0 .23  O.19 
160  1. 9 1. 4 

16 17 IO 

I n t a c t  ce l l s  (KM)  a n d  p r o t o p l a s t s  (P) i n c u b a t e d  in  C / G / S  fo r  3 h o u r s  a t  3 °0  C in  t h e  p r e s e n c e  
of  l a b e l l e d  g l y c i n e  ( I / z g / m l ) .  

Time course o/glycine incorporation 

In order to check more rigorously the relative ability of protoplasts, a three-hour 
experiment was set up with intact cells (KM), protoplasts (P and S), and lysed protoplasts 
(L). The latter was a suspension of protoplasts which had been shaken vigorously to 
cause breakage and served as a control since intact cells which had escaped lysozyme 
action would still be present and active. The four preparations were suspended in C/G/S 
containing a mixture of 18 amino-acids including glycine, each at a final concentration 
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TABLE III  

I N C O R P O R A T I O N  O F  G L Y C I N E  I N T O  P R O T E I N  A N D  N U C L E I C  A C I D  

Dry weight of organism/~g/ml 2ODD 2ODD 2oo 20o 
Glycine concentration [~g/ml 3.75 4 t.2 3.75 4 t.2 

Protein o.45" 2.2 4.7 8.6 
KM Nucleic acid o. Io 0-48 4. t 5.5 

Total o.55 2.7 8.8 I4.I 

Protein o. 37 1.3 2 7 3.9 
P Nucleic acid o. IO  0.32 2.1 2.8 

Total 0.47 1.6 4.8 6.7 

In tac t  ceils (KM) and protoplasts (P) incubated in C/G/S for 3 ° min at  3 °0 C in the presence 
of labelled glycine. 

Results are expressed as ttg glycine fixed into protein and nucleic acid fractions per mg of 
organism. 
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Fig. I. Time course of incorporation of glycine into protein and nucleic acid. Four tubes each con- 
tained 2 mg of organism in Io ml of C/G/S supplemented with 18 amino-acids (each 5 ° #g/ml). 
28 ~ug 14C-glycine (34,000 c,p.m.) was added making 528/~g total  glycine per tube. Incubation 
temperature  3 ° '  C. KM - intact  cells; P - rocked protoplasts;  S s tat ionary protoplasts;  L - lysed 

protoplasts. 

of 50 tLg/ml (McQuILLEN AND SALToNll). T r a c e r  g l y c i n e  was  a lso  a d d e d  to  e a c h  t u b e  

a n d  KM,  P a n d  L were  r o c k e d  in  t h e  u s u a l  w a y  to  a e r a t e  t h e  s u s p e n s i o n s ,  wh i l e  t h e  

s e c o n d  t u b e  of u n b r o k e n  p r o t o p l a s t s ,  S, w as  lef t  s t a t i o n a r y .  S a m p l e s  were  r e m o v e d  f r o m  

e a c h  t u b e  a t  i n t e r v a l s  a n d  f r a c t i o n a t e d  i n t o  nuc l e i c  ac id  a n d  p r o t e i n .  Fig.  I s h o w s  t h e  

r e s u l t s  o b t a i n e d .  
T h e  lysed  p r o t o p l a s t s  i n c o r p o r a t e d  v i r t u a l l y  n o  r a d i o - a c t i v i t y  a t  al l  ; t h e  s t a t i o n a r y  

p r o t o p l a s t s  b e c a m e  a c t i v e  in  b o t h  nuc l e i c  ac id  a n d  p r o t e i n  b u t  a t  a m u c h  lower  l eve l  

t h a n  in  t h e  r o c k e d  p r o t o p l a s t s .  T h e r e  a re  t w o  c o m m e n t s  r e l e v a n t  to  t h e  l a t t e r  f i n d i n g  

- - f i r s t l y ,  t h e r e  was  of n e c e s s i t y  s o m e  d i s t u r b a n c e  of S d u r i n g  m a n i p u l a t i o n s  for  s a m p -  

l ing,  etc., a n d  s econd ly ,  t h e  r e m o v a l  of s a m p l e s  (5 ml ,  2 ml ,  I m l  a t  t i m e s  15, 3o a n d  
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60 min from a total of IO ml) left only a shallow layer of suspension during the latter 
part of the experiment when much of the fixation occurred. Semi-aerobic conditions 
might thus have prevailed. 

The incorporation of glycine carbon into the protein and nucleic acid of the intact 
organisms proceeded well and at an increasing rate, as would be expected if the cells 
were growing. The rocked protoplasts were about 1/3 as efficient at fixing glycine. The 
rate of appearance of radio-activity in protoplast protein increased somewhat with 
time but the same cannot be said for the nucleic acid. Whether this is significant is 
not known. 

Each tube contained the equivalent of 2 mg dry weight of B. megaterium and 528 
Fg of glycine (34,000 c.p.m.). After 3 hours the protein of the intact cells contained 
91oo c.p.m.i.e.  9IOO/34,ooo × 528 Fg -- 14 ° Fg of glycine had been incorporated into 
the protein. This amounts to 7 % of the total dry weight. The corresponding figure for 
the protoplasts was 2.5 %. In view of the fragility of the protoplasts and the difficulty 
maintaining them in aerated suspension for any length of time, this performance was 
considered satisfactory. 

Inhibition o/ glycine incorporation 
0-Dinitrophenol inhibited the uptake of radio-activity from glycine into both protein 

and nucleic acid of protoplasts to about the same extent (Fig. 2A). Uranyl chloride did 
not reduce uptake into the protein of either cells or protoplasts (occasionally there was 
a small stimulation) nor did it inhibit the fixation in nucleic acid of whole organisms. 
It  was markedly inhibitory, however, to the incorporation of activity into protoplast 
nucleic acid (Fig. 2 B). 

A B 

PROTOPLASTS INTACT CELLS PROTOPLASTS 
Protein Nucleic odd Protein NucleiCr~OCid Protein Nucleic OC~ 

o 

.0 

DNP concentrotion U02CI 2 concentration 

Fig, 2. Inhibi t ion of glycine incorporation.  In t ac t  cells and protoplas ts  (each 0. 5 ing/ml) in C/G/S 
containing labelled glycine (I /~g/ml) incubated for 2 hours  at  3 °0 C. Incorpora t ion  into protein and 
nucleic acid fractions expressed relative to IOO for control in the absence of inhibitor.  A. - o-dinitro- 

phenol;  B. uranyl  chloride. 

Incorporation o/pyrimidine 
Randomly-labelled uracil and thymine were also added to preparations of intact 

cells and protoplasts. Out of 17,8oo c.p.m, of uracil added, intact cells fixed 81oo c.p.m 
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into the nucleic acid fraction in ioo min at 3 °° C; protoplasts fixed 492o c.p.m. The 
activity in each case was found in both uridylic and cytidylic acids of hydrolysates. It 
was not established whether thymine was also synthesised from uracil. When labelled 
thymine was used in similar systems no radio-activity was fixed either by intact cells 
or by protoplasts. 

DISCUSSION 

Protoplasts formed by lysozyme treatment of t3. megaterium have been elegantly 
demonstrated by WEIBULL 7. MITCHELL 12 has pointed out that FISCHER 13 described 
similar structures as far back as 19oo. Apparently identical bodies have been seen in 
cultures of B. megaterium lysing under the influence of bacteriophage s. Further, the 
margins of old colonies of the same organism plated on peptone-agar have on occasion 
yielded preparations containing protoplast-like structures 14. It seems that protoplasts 
may occur in the natural course of events and may have some as yet unknown signi- 
ficance. Certainly they are proving to be as interesting from a biochemical point of view 
as they are cytologically. 

The main difficulty in studying the behaviour of these sub-cellular forms is their 
extreme sensitivity to various physical treatments. Lysis, when it occurs, is very rapid 
and results in the dense protoplasts becoming pale "ghosts" (still containing granules) 
and liberating viscous DNA and other cell contents into the medium. However, suspen- 
sions of protoplasts in sucrose media remain intact for some days at room temperature 
and for weeks at 4 ° C- - there  is no rapid autolysis. The stimulatory action of DNA-ase 
found by LESTER 4 and BELJANSKI 5 with lysozyme-treated M. lysodeikticus may be re- 
lated to action on the DNA released from bursting organisms rather than on protoplasts 
as such, if indeed these were formed in their experiments; the action of RNA-ase in 
abolishing activity has not been adequately explained (but see GALE AND FOLKES 2 on 
the action of RNA-ase on disrupted staphylococci). At first sight it appears unlikely that  
the enzyme can penetrate the protoplast membrane since substances of much smaller 
molecular weight do not leak out and there is evidence of the existence of an osmotic 
barrier round the protoplast (MITCHELL12). 

All the experiments described in this paper were carried out on protoplast prepara- 
tions of B. megaterium in which the contribution by residual whole cells was negligible 
(c./. Fig. I). The rates of incorporation of radio-activity from glucose, acetate, glyeine 
and uracil into any or all of the lipid, nucleic acid and protein fractions were comparable 
with those in intact growing cells ; the extent of fixation of glycine in some experiments 
was equivalent to about 5 °o of the dry weight of the preparation. These findings suggest 
that  fixation of 14C in these experiments represents net synthesis in the sub-cellular 
system as well as in the whole organisms. Although GALE AND FOLKES TM have shown 
that 14C-labelled amino acids can be incorporated into protein of Staphylococcus aureus 
in the absence of net protein synthesis, the demonstration that protoplasts can main- 
tain the growth of bacteriophages s and can form adaptive enzymes ~ further support the 
suggestion that protein and nucleic acid syntheses occurred in the present study. 

The only closely related work known to the author is that of LESTER 4 AND BEL- 
JANSKI 5 mentioned above. These workers studied respectively the incorporation of 
radio-active leucine and glycine into the protein fraction of 3I. lysodeikticus treated with 
lysozyme in the presence of sucrose. LESTER 4 obtained a fixation of about o.0025 /x-mole 
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of leucine per mg of protein in 2 hours at 37 ° C in the presence of DNA-ase which 
enhanced activity. BELJANSKI'S 5 results calculate out at about 0.004 ~,-mole of glycine 
per mg protein in 2 hours at 37 ° C. The data in the present paper show that markedly 
higher activities can be obtained with the B. megaterium system. For example, proto- 
plasts fixed 3.9 ~g glycine into the protein fraction of I mg of organism in 30 min at 
3 °o C. Assuming a protein content of 50% w/w, this amounts to o.I /~-mole glycine 
fixed per mg protein (Table III). In another experiment (Fig. I), in 3 hours at 300 C, 
protoplasts fixed 2.5% of their own dry weight of glyeine into protein i.e. about 0.67 
/~-mole per mg protein. The rate at which glycine radio-activity appeared in the nucleic 
acid fraction was less than in protein but protoplasts were in each case comparable in 
activity with intact organisms. 

The ratio of glycine/organism plays a part in determining the level of f ixat ion--  
over a considerable range, reducing the amount of organism or increasing the glycine 
concentration results in an enhanced fixation per unit weight of organism (Tables II  and 
III). This may be due to necessity for a high concentration of glycine in order to saturate 
the fixation system and/or to a "competition" between endogenous and exogenous 
glycine. Similar effects have been observed with Escherichia coli using tracer acetate 
(McQuILLEN ~ND ROBERTS 9) and labelled amino-acids ~. 

One difference between the incorporation of glycine carbon into nucleic acid and 
into protein of protoplasts is the sensitivity of the former but not the latter to inhibition 
by uranyl chloride. No explanation can be offered at present for this difference and the 
same situation does not obtain with intact cells where neither process is sensitive. It is 
known that bacterial cell walls often react strongly with this reagent (McQuILLEN~6). 
All the incorporation reactions tested were inhibited by dinitrophenol (c/. BELJANSKIS). 

Glycine fixation into both protein and nucleic acid of protoplasts can continue for 
at least three hours without diminution in r a t e - - i f  anything there is an increase which 
suggests continued synthesis of those systems responsible for incorporation. Altogether 
the results are both qualitatively and quantitatively closely parallel to those obtained 
with intact, growing cells and it might well be concluded that protoplasts are capable 
of growth. There remains the enigma of why such preparations of protoplasts cannot 
divide and form colonies. It may be that something is occurring which is analogous to 
the "unbalanced growth" of E. coli recently described by COHEN AND BARNER 17. Alter- 
natively it may be that removal of the cell wall prevents the synthesis of some essential 
substance or structure. Further investigations of these points are being undertaken. 

SUMMARY 

i. A simple experimental system has been devised for the study of biochemical and physiological 
properties of protoplasts formed by treatment of Bacillus megaterium with lysozyme. 

2. The uptake of the radio-active tracers, glucose, acetate, glycine, uracil and thymine, into 
protein and nucleic acid fractions of the sub-cellular system has been compared with that in intact 
cells. 

3. 14C from carboxyl-labelled glycine appears in protein glycine and also in adenine and guanine 
of the nucleic acid; uracil is converted to uridylic and cytidylic acid residues of the nucleic acid; 
thymine is not incorporated by either preparation. 

4. The rates of incorporation of 14C from tracers by protoplasts are comparable with those by 
intact growing cells. 
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R~SUM~2 

I. Un  disposi t i f  expd r imen ta l  s imple  pou r  l 'd tude  des  propridtds  b ioch imiques  et  phys io logiques  
des  p ro top las te s  ob t enus  pa r  t r a i t e m e n t  de Bacillus megaterium avec  du  l y sozyme  a dt6 mis  au  point .  

2. L ' i nco rpo ra t ion  de t r aceur s  radioact i fs ,  glucose, acdtate ,  glycocolle, u raeyle  et  t h y m i n e ,  dans  
les f rac t ions  pro td iques  e t  nucldiques  du sys t6me  subcel lulaire  a dtd comparde  ~ eelle observde avec 
les cellules in tac tes .  

3. Le 14C du  glycocolle m a r q u d  dans  son carboxyle  appa ra i t  dans  le glycocolle protd ique  et  
dga lemen t  dans  l ' addnine  et la guan ine  des acides nucld iques ;  l ' u raey le  est  t r ans fo rmd  en rdsidus  
u r idy l iques  et  eyt id i l iques  des acides nucld iques ;  la t h y m i n e  n ' e s t  incorporde pa r  aucune  des deux  
prdpara t ions .  

4- Les v i tesses  d ' incorpora t ion  du 14C ~ par t i r  des t r aceurs  pa r  les p ro top las tes  son t  comparab les  
celles observdes d a n s  le cas  des cellules in tac tes  en croissance.  

Z U S A M M E N F A S S U N G  

I. E in  e infaches  exper imente l les  S y s t e m  wurde  e r funden ,  u m  das  S t u d i u m  der  b iochemischen  
u n d  phys io logischen  E i genschM t en  der  du rch  L y s o z y m - B e h a n d l u n g  yon  Bacillus megaterium ent -  
s t a n d e n e n  P ro top l a s t en  zu e rm6gl ichen .  

2. Die E inve r l e ibung  von  r ad ioak t iven  mark i e r t en  Subs tanzen ,  Glukose,  Azetat ,  Glykokoll,  
Urazil  und  T h y m i n ,  in die Pro te in-  und  Nukleins /~urefrakt ionen des subze l lu la ren  S y s t e m s  wurde  
m i t  der jenigen  yon u n v e r s e h r t e n  Zellen vergl ichen.  

3. 14C aus  in der  K a r b o x y l g r u p p e  m a r k i e r t e m  Glykokoll  e rsche in t  im  Prote inglykokol l ,  sowie 
im Aden in  u n d  G u a n i n  der  Nukle ins~ure ;  Urazi l  wird in Uridyl-  u n d  Cyt idy l sgure res te  der  Nukle in-  
s/lure ve rwande l t ;  T h y m i n  wird yon  ke i nem dieser Pr / tpara te  einverleibt .  

4. Die Geschwindigke i t  der  E inve r l e ibung  des du rch  mark ie r t e  S u b s t a n z e n  in P ro top las te  ein- 
gef t ihr ten lac is t  der jen igen  yon  unve r seh r t en ,  im W a c h s e n  begri f fenen Zellen ~thnlich. 
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