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Summary .  Methods have been developed to gently lyse  s t r a ins  of S t reptococcus  
sanguis  and St reptococcus  mutans .  F o r  S. sanguis ,  the p r o c e d u r e  involves:  
1) ace ty la t ion  of the ce l l s ;  2) exposure  of-the ce l l s  to high concent ra t ions  of l y so -  
zyme in the p r e s e n c e  of a p h o s p h a t e - s u c r o s e  buffer  and 3) l y s i s  of the ce l l s  with 
Sarkosy l .  F o r  S. mutans  g lyce ro l  is  used as  a s t a b i l i z e r  ins tead  of suc ro se  and 
dex t r anase  is added along with l y sozyme .  Data a r e  p re sen ted  to indicate  that  5 
s t r a in s  of each spec ies  a r e  l y sed  by m o r e  than 60%. Using the lys ing  p r o c e d u r e  
developed for  S. mutans ,  we were  able  to identify the p l a smid  of S. mutans  LM7 
by dye-CsC1 and suc ro se  dens i ty  centr i fugat ion.  

Introduction: The ea se  with which many b a c t e r i a l  spec ies  (espec ia l ly  the g r a m  

negat ive  bac t e r i a )  a r e  lysed  with ly sozyme  and de te rgen t  in the p r e s e n c e  of 

suc ro se  has  enabled many worke r s  to examine  ce l l s  for  the p r e s e n c e  of p l a s m i d s  

(1, 2, 3). However,  with the exception of S t reptococcus  f aeca l i s ,  mos t  s t r ep to -  

cocc i  a r e  ve ry  r e s i s t a n t  to  l y s i s  by these  p rocedu re s .  Most s t r a in s  of S. mutans  

and S. sanguis  a r e  gene ra l ly  r e f r a c t o r y  to l y s i s  by p r o c e d u r e s  which a r e  s u c c e s s -  

ful for  o ther  spec ies .  Dunny et  al .  (2) r e p o r t e d  the p r e s e n c e  of a p l a smid  in 

s t r a in  LM7 of S. mutans  but a l so  r epo r t ed  that  ana lys i s  of o ther  s t r a i n s  of S. 

mutans  for  p l a s m i d s  was hampered  by the d i f f icul t ies  encountered in lys ing  the 

ce l l s .  Our own s tudies  of S. sanguis  DNA were  a lso  frought with di f f icul t ies  of 

th is  kind (Eisenberg  and L f l l m a r s ,  unpublished r e su l t s ) .  We found g r e a t  v a r i a -  

b i l i ty  in ce l l  l y s i s  among s t r a in s  of S. sanguis .  We a lso  found that  l y s i s  of a 

given s t r a in  va r ied  in an unpred ic tab le  manner .  Moreover ,  s t a t ionary  phase  

cu l tu res  were  gene ra l ly  r e f r a c t o r y  to breakIng by chemica l  or  phys ica l  means .  

3 7 8  
Copyright © 1975 by Academic Press, Inc. 
All rights o f  reproduction in any form reserved. 



Vol. 65, No. 1,1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Because we wanted to examine the DNA of S. sanguis at var ious  phases and 

conditions of growth, we decided to develop a procedure  that would break  cells  

efficiently,  reproducibly  and without regard  to cul ture age or  conditions.  This 

repor t  will descr ibe  our procedure  developed for s t ra ins  of S. sanguis.  We 

found that with some modificat ions,  this procedure  is also applicable to a:[[ 

s t ra ins  of S. mutans  so far tested. 

Results  and Discussion:  It was reported by Hayashi, et al.  (4) that r e s i s t ance  to 

lysozyme in the genus Bacillus is accounted for in par t  by the presence  of un-  

acetylated gluoosamine in the peptidogiycan component of the cell wall• They 

reported that acetylat ion of the cell  walls with acetic anhydride increased  the 

sensi t iv i ty  of the purif ied cell  wall to lysozyme.  For  this reason,  our lys i s  pro-  

cedure incindes an acetylat ion step. Although in some cases  lys is  may occur in 

young cul tures  without p r io r  acetylat ion the lys is  of other s t ra ins  is absolutely 

dependent on this step. Thus for a given s t ra in  grown under  a given set of 

c i r cums tances ,  this step may be superfluous.  Therefore ,  omiss ion  of this step 

should only be made on a t r ia l  and e r r o r  bas i s  for each new s t ra in .  We also 

found that the commonly used TES buffer sys tem of 0.05M t r i s ,  0.05M NaC1 and 

• 005M EDTA, pH 8.0 (1, 2) genera l ly  gave poor lys i s  with S. sanguis and S. mutans.  

Our lysing procedure  involves the use of phosphate buffer containing MgC12 and 

NaC[ (Table 1). The concentrat ion of sucrose  is a c r i t i ca l  factor  in obtaining cell 

lys is ,  especial ly  of s ta t ionary phase cul tures .  In genera] ,  high (10-20~o) concen- 

t ra t ions  of sucrose  inhibit  lys is .  We found that optimal lys is  of S. sanguis took 

place at a final concentrat ion of 4~o sucrose .  However, for S. mutans ,  it was 

neces sa ry  to replace sucrose  with glycerol  and to t rea t  the cells  with dextranase  

as well as with lysozyme.  

Table  1 summar i ze s  the procedures  chosen to lyse S. sanguis and S. 

mutaus.  For  each s t ra in  100 ml  cul tures  in b r a i n  hear t  infusion broth (BHI, 
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Table 1. Procedure for lysing Streptococcus sanguis and 
Streptococcus mutans 

Procedure S. sanguis S, mutans 

Acetylation 

Lysozyme 

Pronase and 
detergent 

Cells from 100 ml suspended in 6 ml 
acetic anhydride + 4.2g NaHCO 3 in 
50 ml H20. incubated 4 °, 16 hours. 

Cells suspended in: 
1 ml buffered sucrose (20% sucrose 
in 0. IM phosphate buffer pH 7.0, 
10-3M dithiothreitol) 
2 ml MgC12 (0.25 M) 
1 ml NaC1 (2M) 
1 ml lysozyme (7 mg/ml) 
Incubated at 37 ° C* 

Same 

Cells suspended in: 
1 ml buffered glycerol (50~o glycerol 
in 0.1M phosphate buffer pH 7.0 + 
10-3M dithiothreitol 
2 ml MgC12 (0.25 M) 
1 ml NaCt (2M) 
1 ml lysozyme + dextranase 
(7 mg/ml lysozyme, 200 units/ml 

dextranase) 
incubated at 370C* 

1 ml (5 mg/ml) protease 
(Sigma Type VI) added to above 
suspension and incubated 30 min 
at37°C. Then 0. 3 ml of 20% 
Sarkosyl (Geigy) or sodium dodecyl 
sulfate (Sigma) was added. 
The suspension was incubated at 
4°C until lysis occurred (30 minutes 
or :tess) 

Same 

Time of incubation with lysozyme depended on the strain used and the age of the 
culture. For log phase cultures of S. sanguis strains G9B, Wicky and RC, lysis 
occurred within 2 hr. S. mutans strain LM7 and FA1 lysed within 1-2 hr. The 
other strains of S. sanguis and S. mutans required 4 hr of incubation or longer. 
Lysis of stationary phase cultures of both species required overnight incubation 
with lysozyme. 

Difco) ~ere grown to mid log phase (about 80 Klett units). The growth medium 

contained 5 uCi/ ml thymidine-methy:[ 3H (New England Nuclear). The cells were 

centrifuged at 12,000 xg for 15 rain and acetylated overnight at 4°C according to 

the procedure in Table I. The pH of the acetylation mixture went from 6.5 to 

4.5 during this step. By phase contrast microscopy the cells appeared to be 

intact and gram positive after acetylation. Moreover, none of the acid precipitable 
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l abe l  p r e s e n t  in the ce l l s  was lo s t  during ace ty la t ion .  These  obse rva t ions  indicate  

that  the ace ty la t ion  p r o c e d u r e  did not l y se  the ce l l s  and subjec t  the DNA to poss ib l e  

depur in iza t ion .  

The ce l l s  were  then centr i fuged at  10,000 xg, washed 3 t imes  with sodium 

phosphate  buffer (0.1 M pH 7.0)  and t r e a t ed  with l y sozyme  (Sigma) and dex t ranase  

(Sigma) as  shown in Table  i .  Genera l ly  the ce l l s  began to lyse  within 2 hours  a f t e r  

addi t ion of l y sozyme  and within 30 minutes  a f t e r  addi t ion of p ronase  and de te rgen t  

(Table 1). 

We a s s e s s e d  the eff ic iency of l y s i s  in two ways (Table 2). F i r s t ,  a qual i -  

ta t ive  a s s e s s m e n t  was made  by m i c r o s c o p i c  examinat ion  of the suspens ions  

a f t e r  the final s tep of t r ea tmen t .  By this c r i t e r i on ,  mos t  of the s t r a i n s  l y sed  

Species  

S. sanguis  

S. I n u t a n s  

Table 2. Degree of lysis of various strains of Streptococcus sanguis 
and Streptococcus mutans 

Strain Lysis* DNA 
(Microscopic Total Acid Acid precipit- 

Examination) precipitable able counts in 
counts** superna tan t  

% of Tota l  counts 
in superna tan t  

GgB l i t  468,125 360,970 
M5 ++ 110,721 78,373 
Wicky I r l  322,838 191,056 
RC III  N.D.***  N.D.  
10558 ++ N.D. N.D.  

77 
71 
59 
N.D.  
N.D.  

6715 q-~ 377,000 366,920 
10449 ++ 141,330 99,190 
FA1 -H- 564,937 488,750 
LM7 I I~  467,926 361,061 
SL1 ++ 752,947 440,196 

92 
88 
87 
79 
58 

Lys i s  e s t ima ted  by m i c r o s c o p i c  examinat ion  
+ = 30-50% + = 50-80% -H- = 100% 

5% trichloroacetic acid precipitable counts 

N.D. - not done 
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completely and none showed less  than 60% lysis .  We also attempted a more  

quanti tat ive a s s e s s m e n t  of lys is  by measur ing  the amount of DNA re leased into 

the medium. The suspensions were centrifuged at 3000 xg for 15 rain to pellet  

whole cel ls .  The supernatant  was collected and the cell pellets  were resuspended 

in phosphate buffer. We then measured  the amount of 3H-thymidine incorporated 

into acid precipi table  ma te r i a l  in the or iginal  suspension and in the supernatant  

(or ce l l - f ree)  fraction. Table 2 shows that at :[east 58% of the total counts incor-  

porated were p resen t  in the cell  free supernatant .  These data r ep resen t  a min imum 

es t imate  of the amount of DNA re leased since some of the DNA probably remained 

associated with la rge  membrane  f ragments  that were pelletted along with the whole 

cel ls .  When the lysed suspensions were sheared extensively by vortexing,  many 

more  acid precipi table  counts (up to 100~o) were found in the supernatant .  How- 

ever ,  this t rea tment  would not be des i rable  for obtaining high molecular  weight 

DNA. We were able to purify the DNA re leased  (with no vortexing) f rom S. sanguis 

s t ra in  GgB by M a r m u r ' s  procedure(S). The DNA could be spooled repeatedly 

indicating that it had a molecular  weight of 8-12 megadaltons.  This molecu la r  

weight would make the DNA sat isfactory for t ransformat ion  studies (5). 

To ensure  that this lys is  method is applicable to plasmid studies,  a sample 

of supernatant  obtained from S. mutans LM7 (obtained from D.B. Clewell) was 

centrifuged to equi l ibr ium in a Cs CI gradient  containing ethidium bromide.  

F igure  1 indicates the presence  of a satel l i te  peak with a density g rea te r  than 

that of the bulk of the chromosomal  DNA. This satel l i te  was not p resen t  when 

ethidinm bromide was absent .  The satel l i te  peak fract ions (# 11-18) were pooled, 

t reated with isopropanol,  dialyzed and centrifuged in a neut ra l  sucrose  gradient  

(5-20%) according to the method of Barth and Gr in te r  (5). Two peaks of radio-  

activity were obtained with S values of 18S and 23S. These resul t s  compare 

favorably with the reported values of 17.5 S and 21. S S for the LM7 plasmid (2). 

382 



Vol. 65, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Figure i. 
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Dye CsC1 buoyant density centr ifugation of supernatant  lysate  of 
S. mutans  LM-7 prepared according to the procedure  in Table 1. 
A 1 ml  amount of lysate  was centrifuged to equi l ibr ium in a Beckman 
40 fixed angle rotor  at  33,000 rpm for 60 hours  at 20°C. The 
gradient  contained 100ug/ml  ethidium bromide ,  CsCl at a s tar t ing  
density of 1.55 and a final volume of 4 ml.  The gradient  was 
fract ionated and the amount of radioact ivi ty  In each f ract ion 
(0.05 ml) was determined by :liquid scint i l la t ion spect rometry .  
(Intertechnique) usIng Aquasol (New England Nuclear) .  

In that study, lys i s  was achieved with TES-lysozyme.  We conclude that our method 

allowed us to isolate a p lasmid of known molecu la r  s ize from S. mutans .  In other 

exper iments  we found a third smal l  peak of 63S DNA (212 megadaltons).  This  

ma te r i a l  probably r ep re sen t s  chromosomal  DNA and indicates  that the lys is  method 

may allow for isolat ion of high molecu la r  weight chromosomal  DNA. 

It should be noted that in our hands,  LM7 was the orrly s t ra in  of S. mutans  

that could be lysed in the p resence  of sucrose  and in the absence of dextrar~se.  

Thus it is not su rp r i s i ng  that Clewell, Dunny and co-workers  were able to lyse 

this s t ra in  by the s tandard procedure  using TES buffer and lysozyme (2). 

Whether this s t ra in  behaves so differently because of the p resence  of a plasmid 

or for  another  reason  will have to await fur ther  invest igat ion.  
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Fina l ly ,  i t  should be noted that  the method of l y s i s  r epo r t ed  he re  might  be 

a p p r o p r i a t e  with modif ica t ions  for  obtaining p ro top las t s  of S. sanguis  o r  S. 

mutans .  We did not a t t empt  to e s t ab l i sh  opt imal  condit ions for  p ro top l a s t  fo r -  

mat ion,  but we did note that  p ro top las t s  were  commonly p r e s e n t  in p r e p a r a t i o n s  

of S. sanguis  and S. mutans p r i o r  to addi t ion of de tergent .  Calandra ,  Nugent 

and Cole (7) r ecen t ly  r epo r t ed  a method to obtain p ro top la s t s  of S. sanguis  

u t i l i z ing  raf f inose  ins tead of suc ro se  as  a s t a b i l i z e r  and a phage a s soc i a t e d  

lys in  obtained f rom Group C s t rep tococc i .  It might  be poss ib l e  to employ 

raf f inose  as  a s t a b i l i z e r  ins tead  of suc rose  or  g lyce ro l  in our ace ty la t ion-  

l y s o z y m e  p r o c e d u r e  o r  in the p rocedu re  involving TES b u f f e r - l y s o z y m e  (1, 2). 

Although the p r o c e d u r e  r e p o r t e d  he re  has  been quite success fu l  in lys ing  

s t r ep tococc i ,  i t  has  not worked well  with m e m b e r s  of the genus Act inomyces .  

Studies  employing  raf f inose  a s  a s t a b i l i z e r  for l y s i s  of o r g a n i s m s  in that  genus 

a r e  underway,  
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