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STUDIES ON ‘I’HE UREASE ACTIVITY AND THE 
GLYCOLYTIC ACTIVITY OF ORAL MICROCOCCI 

It is well known that urea is decomposed 1)y micro-org:inisiiis 
in saliva and in the dental plaque (Hine  and O’Donnell 1913, 
Kesel et (11. 1946, Jenkins Pt nl .  1950, 1951, Stephnn 1943, Stephrtn 
and Miller 1943, Bnllnntyne et nl. 1951, Clegg and Rne 1956 :ind 
others). Hine and O’Donell found urease activity in the salivas 
of 92.8 per cent of 405 sniiiples froin 82 persons. Little, however, 
is known :thou t the organisms responsible for this activity in 
the oral cavity. Singer (1951 ) isolated a micrococcus from saliv:i 
and showed that this organism was capable of splitting urea. 
He found that when it ticted on glucose and urea simultnneously 
the pH o f  the inediuiii gradually becanie inore alluline. 

When studying :I number of strains belonging to difPerent 
types of oral iiiicro-org:rnisms, the present author found that 
urease activity was present in e:ich of the six strains of oral 
niicrococci investigated, but that in other types of organisins 
tested such activity was either absent altogether or too weak to 
be estiiiiated by the methods used. Jordnn, Fitzgernlrl :rnd Fnber 
(1956)  found that of 109 strains of oral aciduric niicrococci 76 
per cent possessed the :rbility to split urea. Thus, oral niicrococci 
may he of sonie iinportance for the ure:ise activity of saliva and 
plaque iiiateri:il. Other organisiiis, however, may also be respon- 
sible. 

The relative importance of oral  iiiicrococci for the urease :IC- 

tivity found in plaque materinl can be estiinnted if :I iiiore precise 
knowledge of the urease x t iv i ty  of or:iI micrococci, the ure:ise 
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activity of plaque material and the proportion;il distribution o f  
inicrococci in such material is ncquired. The author has  started 
:I series of investigations in order to elucidate this problem. 

It has been claiined that glucose is inhibitory to nmnioni:i pro- 
duction in s;iliv;i (Clegg and Rne, 1956). There is evidence that 
high uren concentrations inhihit the urease ;ictivity o f  the oral 
flora (Clegg and Rue, 1956, Jenkins and W r i g h t ,  1951 and others I 
hut detailed knowledge is 1:icking. 

A s  early a s  1899 Burchnrci cpantitutively determined the abil- 
ity of micrococci isolated froin urine to decompose urea. He found 
that 180-1,200 in# of urea was decomposed hy 1 ing of bacterial 
wet weight per hour. Prissniore and Yadkin (1997)  studied the 
effect of carhohydrates and allied suhstances on urease produc- 
tion hy Proteus vulgaris. They used :I titration niethod for the 
deterinination of urease activity and showed that the :ictivitg 
W;IS directly proportionill to the quantity of suspension presen 1. 

The purpose of the present investigation is, 
( 1 ) To determine the urease ;wtivity of oral inicrococci in 

ui f ro  . 
( 2 )  To study the influence on this activity of various factors, 

such as  nerohiosis and an:ierobiosis, the pH, the urea concentw- 
tion, the concentrntion of phosphate buffer etc. 

( 3 )  To study the rehtionship between the ureiise activity :ind 
the glycolytic iictivity when the cells :ire acting on the two suh- 
stances siniultnneously. 

JIETHODS 

Preparation of suspensions 

Six strains of orill micrococci were studied. These belonged to 
Staphylococcus [Staphylococcus :dhus ( 1-4, Fros te l l )  and S h -  
phylocorcus tiureus ( 5  and G )  or Micrococcus pyogenes var. 
nlbus and aureus]. The strains were typed according to the 
Manual of Bergey. The results of these investigations will be 
published later. 

The strains were kept in culture on blood agiir with w7eelily 
transfers. At the beginning of an experiment :I tube with seriiin- 
dextrose broth was inoculated from the culture :ind incubated 
for 8 to 14 hours. The contents of this tuhe were transferred to 
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a centrifuge bottle containing 250 1111 or  1,000 nil of either tomito- 
dextrose broth (Frostell, 1957) or Difco Brain-Heart Infusion. 
( Experinients and results, sections 4, 5, and 6 ) .  The roluiiie of 
air in 21 flnslc was about 10 per cent of the volunie of the broth. 
The bottles were closed with rubber stoppers. The bottles were 
incubated for 10 hours or 16 hours in a shaking m;ichine. Sus- 
pensions were then prepared according to methods described 
earlier (Frostell, 19.57 ). 

The pH of the suspensions w:is controlled iniiiiediately after 
the last centrifuging, when the cells were suspended in a 10 niM 
phosph:ite solution. The pH of the suspension w:is set between 
ti and 7 by adding, if necessary, minute :iiiiounts of 10 per cent 
hydrochloric acid or sodium hydroxide. 

The wet weight was deteriiiined :IS described earlier (Frostell, 
1957). In the present experinients the dry weight was deter- 
mined :IS well. A few nil of the suspension were dried :it 105' 
for 18 hours. The weight of the dried miterial was determined 
to the nearest tenth of ;I iiig. A correction was ni:ide for the 
weight of the salts of the phosphate buffer. 

Determination of activities 

L'retrse trct ioi ty  

Three different methods with some iiiodifications were used, 
( 1 ) The activity w a s  deterniined ;is "allwli production" m t l  

calculated from the amount of acid required to keep the pH con- 
stant in :I we:il<ly buffered solution. It was expressed in iiioles 
(monovalent) per iiig wet ;ind/or dry weight per ininute. The ex- 
periments were performed aerobically. This method was described 
earlier (Frostell, 1957). The wlues  obtained by the method :ire 
considerably lower than those obtained if ammonia production 
is determined, because the aninionia is partly neutrdized by car- 
bonate formed during the hydrolysis of urea. Hecause of its 
simplicity, this method w:is preferably used when the author 
wanted to study the influence of various factors on the activity 
but considered it of iiiinor interest to determine the urea de- 
composition quantitatively. In some of the experiments, however, 
the ammonia production was also determined. 
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( 2 ) The experinients were perforined aerobically or anaerobic- 
ally and the activity was determined in nioles o f  a i i i i n o n i i i  pro- 
duced per iiig wet and/or dry weight per minute. 

I n  the first series, the experiiiients were perforined in the 
following way, 

\ I  - - -  -- 
Fig. 1. (;lass filter used i i i  expcrimciits 
perfornietl according to method 2 A .  
Gus WZIS drivcii through the filtcr it5 

iiidicntrd hy the arrow. 

1 .  Opcniiig of tile filter was closed 
I)y ii rulher stopper. 

2. Ihcterial suspensioii.  

9. Fil ler  proper. 

( A )  Into :I sintered glass filter (Fig. 1)  were pipetted 1.0 1111 

o f  suspension, 10.0 1111 of :I Ringer solution, 2.0 1111 of a buffer 
solution ( 1 0  iiiM phosphate, pH (i.09) and 1.0 1111 of :I urea solu- 
tion (2.0 gr/.iO.O n i l ) .  The urea solution was added when the 
teniperature o f  the iiiixture was 37.5".  Through the tube :it the 
hottoin o f  the filter :I stream o f  Nz w:is let through the solution. 
The gas had previously p;issed two cylinders with nlknline pyro- 
gallic acid - each (i0 rni o f  height -- which were supposed to 
absorb traces of  oxygen known to be present in the gas. I t  w i s  
shown by the Huldiine method that the oxygen content of' the 
gas w i s  0.17-0.90 wluiiie per cent after the passage of the cy- 
linders. The Ringer solution used in these experiments was 
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heated aliiiost to boiling for about two iiiinutes (and then cooled) 
iniiiiediately before use, in order to drive off oxygen. The open- 
ing of the filter was closed by :I rubber stopper through which 
the electrodes of a pH-meter, a thermometer, two burettes (one 
for introducing nlltali :ind one for introducing acid) :ind a gas 
outlet were inserted. The :ipparatus w a s  placed in a therinost:it 
chamber, the temperature of which w:is 38.0" f 0.1" C. It w i s  
found that  the teinper:iture of the solution w i s  :ibout 0.5' C 
below the temperature of the therinostnt chaniber. 

M'ith these arrangenients, experiiiients could be perforined 
:ierohic:illy or :inaerobically a t constnn t teinpera ture :ind const:in t 
pH even if there was a lively acid production or a strong nlltoli 
production in the solution. I h r i n g  the experiment acid or h s e  
could be added in varying aiiiounts froin burettes graded to one- 
hundredth of :I nil through the tubes dr:iwn through tlie rubber 
stopper. 

At tlie end of :in experiinent :i quantity of ;I 20 per cent C u S O ~  
solution w i s  added to stop the nctivity. The solution was trans- 
ferred to :I be:iker :ind the concentration of :iinmonia in the solu- 
tion w;is deterniined according to the method of Ljiingdrrhl 
(1922 ) ,  using :i Parn:is-Wugner app;ir:itus. Either the whole of  
the solution or parts of it were used for the deterniination. In tlie 
latter case several deterinin:itions could be perforiiied with one 
solution. 

In soiiie esperiiiients siiiiiples were taken for deteriiiin~itions 
of the lactate concentration o f  the solution. 

With these :i rrti nge in en t s the :i I I< :i 1 i ti nd :i 111 in  o t i  ia 1) rod uc t io n , 
:IS well a s  the :wid and lactic acid production, could be deter- 
mined during the saiiie esperiinent, under iierobic or :inaerobic 
conditions. 

( H )  Since it w a s  found in the first series of experiliients that 
the b:icterinl suspension often fo:iiiied out of the outlet tube 
when using tlie nietliod just described, the arrnngements were 
iiiodified :is follows, 

I n  :I bealter closed with :I rubber stopper were pipetted 5.0 nil 
of a dilute phosphate buffer ( 10  i n i l l )  (or physiological saline), 
1.0 in1 of suspension and 1.0 1111 of ;I urea :ind/or 1.0 1111 of :I 

glucose solution. The s;iiiie electrodes, theriiionieter :ind tubes :is 
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described under 2 A were drawn through the rubber stopper. The 
difference between these experiments and those described hefore 
w a s  that -- during experiments perforiiied :in:ierobic:illy - gas 
w;is let in aver the surface of the solution in the beaker through 
the outlet tube. The pH was kept constant by the addition of 
:ilk;ili or acid froiii burettes graded to 0.01 1111. 

( 3 ) .  In soiiie experiinents the aiiiiiionia production was tieter- 
iiiined by aertition :ind titration and cnlcul:ited as  moles of i i i i i -  

iiionia produced per minute by 1.0 iiig of dry or wet weight. This 
method WBS used only n few tiines, when severill experiinents 
were to be perforiiied siniult:ineously with one suspension. 

In ;I tube of Pyrex glass were pipetted 8.0 1111 of :I 0.2 A1 phos- 
phate buffer solution, 1.0 nil of  bacterial suspension :rnd 1 .O 1111 

o f  :i urea solution (6.25 g/50 1111 ). The tube w a s  kept in :I iii:ichine 
under continuous shaking in a waterbath, the teinperiiture of 
which was 38.0" k 0.1. The  experiment was :illowed to go oii for 
:I certain length of time, tifter which it was stopped by :idding 
1.0 in1 of :I 20 per cent CuSO4 solution. The solution was iii;rde 
:dkaline by the addition of potassiuiu hydroxide, and air -- which 
had previously passed through ;I tube containing 10 in1 of ;I 

0.1 N HCI solution in order to be free from traces o f  :iiniiioni:i - 
W . I S  sucked through the tube for 40 minutes into :I tube contain- 
ing 10.0 1111 of :I 0.01 N HCI solution. The solution was titrated 
;I$ ainst sodiuiii hydroxide tind the ;iiiiiiioni:i production w a s  
[If terinined a s  the difference between alkali consumption by test 
tube and ;I control containing 10.0 inl of 0.01 N HCI. Five or sis 
tubes could he used siinu1t:ineously. 

This method was used because several tests could be per- 
formed siinultaneously. The experiiiients were perforiiied :iero- 
bically and the buffer concentration wiis heavy so ;IS to ; I I I I J W  
only minute changes of the pH during the csperiinent. This me- 
thod often f:iiled in the hands of the author. 

In some of the experiments of this type the :iiniiioni:i deter- 
inination was carried out according to the Inethod of I, jrrngtlrthl 
(1922).  Aliqiiots of 1.0 in1 were taken to the Ptirnas-Wagner 
app:ir;itus for ;iininonia determiniition :ind two or more cleter- 
~ninat ions of :iniiiionia concentration were perforined. The re- 
sults obtained hy this iiiethod were more :rccurnte than those 
obt:iined by aeration of the iiiniiioiii:i. 
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Glycolut ic  rirliuity 

This activity wiis determined either a s  "acid production", i.e. 
the total amount of "acid" produced, or :is "lactic arid produc- 
tion". This acid was expressed in nioles per iiiinute per ing wet 
or dry weight and WIS calculated either froiii the amounts of 
nlkali required to keep the pH constant in :I weakly huffered 
solution during glycolysis or from the difference in the lactnte 
concentrations of the solution determined before and after the 
experiment. 

Lactate concentration w;is determined according to the iiiethod 
of Barker and Sumnerson reported by C'mbreit et. nl .  (1945). Be- 
fore and after every experinlent, saaiples were taken in triplo 
(0.2 nil)  and transferred to tubes containing CuSO,. 

Errors of the  methods 

A ni m on it: tle I er ni in ii 1 ion 

Ten determinations of the same nmiiionium hydroxide solu- 
tion were perforiiied with the Parnas-Wagner apparatus. The 
error of the iiiethod was deterniined according to the foriiiula 

...................................................... Z(X - A1)Z 
s = * 1/- n--* 

The error was determined at  f 2.15 per cent (variation coeffi- 
cient ) .  However, this figure expresses only one of many possible 
errors. The author has performed 12 identical experiiiients with 
a suspension of Staphylococcus :ilhus ( 1 I according to  iiiethod 
2 B (gas let in over the s u r f x e ) .  The error of the niethod of 
deteriiiination of "alkali production" w a s  f 4.9 per cent (varia- 
tion coefficient). The error of the determination of the aiiimoni;i 
production was k 3.6 per cent (variation coefficient ) .  The errors 
of the determinations of wet or  dry weights are  not included in 
these figures. 

The error of the deterinination of tilkali or  acid production 
from the :imounts of :wid or base required to keep the pH CQII- 

stant was :ilso determined from a series of double experiiiients 
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performed during this and other investigations. The forniula 
used w a s  

................................................... 12) s = +  V'( 3 -3; 
I1 - I< 

The error Wils  deteriiiined a t  6.7 per cent (variation coefficient). 

L i t c l d e  determinittion 

During this investigation al l  lactate determinations were per- 
forined in triplo. Thus it is possible to calculate the error of the 
method very accurately from the figures of the investigation itself 
:iccording to foriiiula 2. In a few instances one of the values 
obtained was considerably higher than the other two. These 
values were considered to be due to contaniination arid were ex- 
cluded. They are not incorporated in the error of the iiiethod. 
The error of the lactate determination method has  been cal- 
culated at  5.0 per cent (error of the mean of 3 deterininations = 

S - - = ). 13 

Cheni icct ls 

All chemicals used i this invest i ga t ion were a 11 al y t ica 1 I pure. 
The acids and bases used were prepared from concentrated 

standard saiiiples (with one exception) according to  the direc- 
tions given by the nianufacturers. Thus  they have never been 
further diluted. As standards for the production of acid and 
ammonia, 0.100 and 0.0100 N solutions of HCI (Titrisol) served 
throughout this investigation. 

EXPERIMENTS A N D  RESI'LI'S 

1. Anaerobiosis and alkali production from urea by Staphylococcus albue 

Four experiments were performed with different suspensions 
of Staphylococcus albus ( 1  1. The arrangements described under 
method 2 A (gas driven through the solution) were used. The pH 
was kept constant a t  pH 6.5 f 0.2 by the continuous addition of  
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s~ii;ill ;iniounts of 0.1 N HCI. Nitrogen gas was driven through 
the solution for 15-30 minutes. The nitrogen was then replaced 
by air for  15-30 iiiinutes and lastly nitrogen was again used. 
Fig. 2, is representative of the results obtained. No influence on 
alkali production from urea by changes of oxygen tension was 
found. 

rnlO.1-n 
HCI 

1.6 . 

1.0 . 

I 
10 20 30 40 60 Min. 

Fig. 2. Alkali production from urea by a suspension of 
Staphylococcus under anaerobic and aerobic conditions. 

2. Localization of the enzyme 

Two experiinents were performed aerobically according to me- 
thod 1 with different suspensions of Staphylococcus albus (1) .  
The cells of the suspensions were centrifuged for 5 iiiinutes a t  
2,000 r.p.ni. and for 10 minutes a t  4,000 r.p.111. The supernatant 
fluid was reinoved and the cells were suspended to the original 
volume. Experiments were performed with the supernatant fluid 
and the suspension separately a t  pH 6.5. 

A representative result is presented in Fig. 3 .  The urease ac- 
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mlO.1 n 
H CI 

4.0 

3.0 

2.0 

1.0 

6 

Fig. 3. Alkali production from ure:i 11s :I suspension o f  
Staphylococcus. Location of the enzyme. 

.--. __ .- . ’The cells cent rifugcci and  resuspcnded. 
+-+-+- ‘The superiintniit solution. 

tivity :ippe:ired to he confined to the cells. The low iictivity oh- 
tnined with the supernat:rnt fluid is considered to he due t o  :I 

low concentration of cells in the supernatanl fluid. 

3. EKect of pH on the urease activity of Staphylococci 

Chftnges of p I I  in  suspensions conf(tinirig icrecc 

In order to show the changes of pH which occurred in :I sus- 
pension of staphylococcus when acting on urea, :I few pilot ex- 
periiiients were mode. To n bncteri:il suspension prepared in the 
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Fig. 4. Alkali production from urea by suspensions o f  oral stapliglo- 
cocci. Changes of pH of suspensions after addition of urea. 

usual manner, the temperature of which was 37.5", k 0.2, :I siiinll 
amount of urea was added in dry substance, the suspension being 
stirred by a iiiachine-driven glass stirrer. The pH was read at 
short intervals. No acid was added. The curves obtained are 
shown in Fig. 4. During the first iiiinutes n rapid pH increase 
occurred. When the suspension becaiiie more alkaline the pH 
changed more slowly. Since the buffer capacity of the suspen- 
sions was weak this indicated that the activity was very low a t  
pH values over 8.5. 

Detrrntinrttiori of opt imum p H  for  ureccse ctctiuity 

Method 2 A (gas driven through the solution) 

The experiments were perforiiied anaerobically with a suspen- 
sion of Staphylococcus albus (3 )  which was 24 hours old. The 
pH of the mixture of suspension, phosphate buffer and urea was 
set at pH 6.5 and 5.5 respectively. The pH was kept constant 
through the addition of 0.1 N HCI. (Fig. 5 . )  

12 - Actcc odont.  Sccind. V o I .  17 
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Fig. 5.  .ilknli production from urea by a suspension of Staphylococcus 
at tliffcrent pH. 

Method 3 

One experiiiient was perforiiied with Staphylococcus albus 1 1 
and four with Staphylococcus aureus ( 5 ) .  Five or six tubes were 
used simultaneously in each experiment. The tubes contained 
1.0 nil suspension, 8.0 1111 of a buffer solution (phosphate buffer, 
NaoHPOI, KHrP04, final POI-concentration 0.16 M) and 1.0 1111 
of a urea solution (6.25 g/50 ml). The pH of the different tubes 
had been set at various values between 5 and 9. The addition of 
an equal amount of alkali as produced during the experiment to 
buffers of the same strength caused pH-differences of a few 
tenth of a unit; in the range pH 5.0 to 6.0 the change was slightly 
greater. Aiiiiiionia production was allowed to go on for periods 
varying between ten and twenty minutes, the t h e ,  however, be- 
ing the same for all tubes in one experiment. Alkali production 
was stopped by the addition of 1.0 nil of 20 per cent solution of 
CuSO4. Ammonia was aerated into 0.01 N HCI. 

A further expeririient was perforiiied with a suspension of 
Staphylococcus albus (1). Five tubes were used. Every tube con- 
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ml 0.1-n 
NH 
V' 
4.0 

3.0 

2.0 

1 .o 

3H 
lucrd  

6 6 7 8 PH 
Fig. 6. Influence of pH on tlie urea decomposition by 
oral Staphylococci. NHs produced = ml of 0.10-n HCI re- 
quired to neutralize the amount of ammonia produced 
by 1 ml of suspension during tlie experimental period. 

tained 1.0 1111 of suspension, 8.0 1111 of a buffer solution (NatHP04 
0.1 M and KH2P04 0.1 M, final concentration 0.16 MI and 1.0 nil 
of a urea solution (6.25 g/50 1111). Ammonia production was 
allowed to go on for 15 minutes and was then stopped by the 
addition of 1.0 1111 of a 20 per cent CuSO4 solution. Amounts of 
1.0 1111 were taken to the Parnas-Wagner apparatus and two or 
more determinations were perforiiied froiii every tube. 

The results of all these experiments were consistent. Repre- 
sentative curves are given in Fig. 6. Optiiiium activity was found 
very near to pH 7.  Apparently the top of the curve is to be found 
on the acid side of neutrality. The activity fell rapidly on both 
sides of the optimum pH. 



4. Phosphate concentration and urease activity 

Two experiments were performed with suspensions of Stu- 
phylococcus albus ( 1 )  in the stable phase. Method 1 was used, 
and alkali and aiiimonia production were determined. The ex- 
perinients were performed aerobically, i.e. no gas was let in. 

1.0 1111 of bacterial suspension, 8.0 nil of buffer (final con- 
centration either 0.16 M or 0.05 M) and 1.0 1111 of a urea solution 
(6.25 g/50 ml) were used in every experiiiient. After about 1 0  
iiiinutes the experiment was stopped by adding 1.0 1111 of :I 20 
per cent CuSO4 solution. Two experiments of this kind were thus 
performed with every suspension, viz. one experiment with a low 
phosphate buffer concentration and one with a high buffer con- 
centration. After this, a third experiiiient was performed with 
a high urea concentration. The results of the urea experiiiients 
will be presented in section 5 below. 

No influence of phosphate buffer concentration w'as found. 
(Fig. 8 ) .  The difference in amnionin production velocity between 
experiments with different phosphate concentrations was less 
than 5 per cent; in one experiment the higher value w a s  con- 
nected with a high buffer concentration, in the other experiiiients 
with :I low buffer concentration. 

5. Effect of urea concentration 

Melhod 1 

Four experiments were perforiiied. Urea concentrations were 
set at 0.017, 0.084, 0.17, and 0.33 M (:it the beginning of tlie ex- 
periment ) ,  Alkali production was allowed to go on for 10-20 
minutes at pH 0.5. 

Melhod 9 

( A )  A suspension of Staphylococcus nlhus (1) which was 24 
hours old was used. Urea concentrations in tlie different tubes 
were set at 1.7, 3.2, 5.3, 8.9, and 10.04 M. Aiiiiiionia production 
was allowed to go on for 15 minutes at pH 6.96, after which it 
was stopped by the addition o f  CuSO4. The solutions were iiiade 
:ilkdine and air was driven through the tubes for 40 minutes, 
the aniiiionia being tibsorbed hy 0.01 N HCI. 
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(€3 1 In another experiment a suspension of Staphylococcus 
d b u s  ( 1 )  which was 30 hours old was used. Five tubes were 
used and the urea concentrations were set a t  0.37, 1.48, 2.96, 4.44, 
and 5.92 M. The ainiiionia production was kept going for 15 
iuinutes. Saiiiples of 1.0 1111 were taken to the Parnas-Wagner 
nppwatus, 2-5 samples from every tube. Since i t  was found 
that urea was destroyed in the upp:ir:itus by the heat when the 
concentrated urea-mixture w:is boiled, giving a continuous flow 
of alniiionia by distillation, severnl determinations were innde 
of the quantity of :iiiinionia produced by urea alone Lit a distilla- 
tion time of exactly 5 ininutes with the different concentrations. 
The variations of these results were :ibout & 10 per cent. The 
quantities of :iiiiiiionia produced by urea alone in the different 
concentrations were subtracted from the values obtained with 
the different test tubes, the differences being regarded a s  pro- 
duced by the bacteria. 

rn I 0.1-n 
HCI  

Fig. 5.  Alkali produc- 
t ion from ureii by 

elice of pliosphiite and 
urea 011 the ureii de- 
composition by a sus- 
pciisioii of Stiiphylo- 
coccus. A concent rat ion 
of  5 2f urea partially 
i 11 hi Bits u rea tlecorn 1 1 0 -  

sit ion. 

2.0 ’ Staphylococcus. Illflu- 

5 10 Min. 

+--+--+- 0.16 ;\I phosphate buffer, 0.21 JI urea. 
’- -’- -J- - 0.01 11 phosphate huffer, 0.21 M urea. 
.---. ~ .-.-- .5 21 urea. Phosphate coricentration 0.01 M. 

The results of the experiments are  given in Figs. 7 and 8. 
Maxiiiiuiii activity was obtained at  concentrations ranging from 
about 0.2 M to about 3 M. Even at  concentrations of 5 hI and 
more there wis still soiiie activity. For reasons given above the 
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I 
1 2 3 4 6 6 uroaconc 

M/I 
Fig. 8. Influence of urea coiicentratioii o n  the alkal i  production 

from urea hy a suspension of Staphylococcus. 
Method 1, pH (i.50. 

. hlethod 3 ( H ) ,  pH 6.!)6. 

values of aiiiiiionia production in tubes containing concentr;itetl 
urea must be considered approxiiiinte. The lower liiiiit of maxi- 
iiiuiii activity is to be found at :I urea concentrntion of about 
0.16 M. The results obtained with method 3 ( A )  showed 6 per 
cent activity at 8.9 M but no activity :it 10 M. 

Fig. 7 illustrates 2 experiiiients performed with method 1 [see 
under ( 4 ) ]  in which the urea concentration was set :it 5 M. It 
will be seen that the activity gradually decreased, indicnting that 
the cells slowly poisoned by the high urea concentrr ‘I t ’  Ion. 

6. Influence of ammonium concentration 

Two series of experiiiients were perfornied with Staphylo- 
COCCLIS alhus ( 1  ) . The suspensions were 24-26 hours old (stable 
phase). Method 1 was used. The experiiiieiits were perforiiictl 
uerobicnlly (no gtis was let i n )  ;it p H  6.5. In the first series : i i w  

iiioniuiii concentrations were 0.0, 0.2, and 0.63 M at  the beginning 
of alkali production. In the second series the concentrations were 
0.0, 0.17,  0.67, 1.8, and 0.0 M. In these experiments the voluiiie of 
the solution varied between 10 :ind 23.5 nil. It w:is found that 
changes of the voluiiie within these riiiiges did not significantly 
influence the results. 
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A third series of experiments was perforiiied with Staphylo- 
coccus aureus ( 5 ) .  NHa concentrations were set at 0.0, 0.33, 0.65, 
and 1.4 M by adding NH1CI. The volumes of this series varied 
between 6.5 and 8.5 nil. 

150 

% 

. 

Fig. !I. Influence of am- 
monium i o n  coiicentratioii 
on t h e  alkali production 
from urea by suspensions 
of Sta phy1 ococci. N H, conc.in 

0.6 1.0 1.6 2 . 0 M / [  

The results of all these experinients are given in Fig. 9. At 
concentrations higher than 0.5 M a decrease in alltali production 
was found. 

7. Etfert of length of incubation period on urease activity 

The effect of this factor was not studied in detail, but it was 
found that in a series of experinients in which the incub. 'I  t' 1011 

period was about 16 hours the iiiean activity of 6 suspensions of 
Staphylococcus albus ( 1 )  was 44.7 - 10-9 iiioles of alkali per 
minute per iiig wet weight. 

In mother series of experinients with the same strain the in- 
cubation period was about 10 hours. The mean urease activity 
in the absence o f  glucose w:is 365 . 10-9 iiioles of a1k:ili per nii- 
nute per 1ng wet weight in this series. The s:iiiie substrate 
(toninto-dextrose broth) was used in the two series. Thus, with 



:in incubation period of 10 hours, the me:in nctivity was :ibout 
X times :IS great a s  with the longer incubation period. The weight 
o f  the bticterinl niass obtained from 1 litre of broth was iiiunq' 
times greater in the first series than in the second. The differ- 
ences in bacterial inasses and urease activities indicate that the 
cells have passed the logarithmic growth phase, when the in- 
cubation period is :is long a s  16 hours. 

1NI:LI'ENCE OF CIIE.4 HYDROLYSIS AND GLYCOLTSIS ON EACH OTHEII 

When urease activity is determined :it constant pH according 
to method 1, and the ainounts of acid required to keep the pH 
constant are  plotted against time, the curve ohtained under ap- 
propriate experimental conditions will be :I stwight line. If', on 

ml 0.1- n 
H( 

1.00 

0.76 

0.6a 

0.26 

6 10 16 Min. 

Fig. 10. A l k a l i  production from urea I)y ii suspensioii 
of Staphylococcus i n  the :il)st.nce and i n  the presence 

glucose. 
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the addition of glucose, the acid production influences a1k:ili 
production, the curve will be changed and take :I new direction, 
being either :i straight line if the SUIII  activity is constant or ;i 

curved line if the influence nianifests itself gr:idually. 
A suspension of Staphylococcus albus ( 1  ) which was 48 hours 

old (stable phase) (Frostell, 1957 was used. An experiment was 
performed according to method 1. After 7 iiiinutes glucose was 
added (dry substance, about 25 nig) and alltali production was 
allowed to go on for another 7 minutes. (Fig. 10). The effect of 
the presence of glucose on alkali production from ure:i, if any, 
was very slight. Thus either the acid production from glucose 
was only soine per cent of the nlltali production from urea or 
else acid production was almost coinpletely inhibited. Another 
possible explanation is that allcnli production from urea is sti- 
mulated in the presence of glucose, this stiinulation being niaslted 
by a possible acid production from glucose. 

In  order to study the relationship between glycolysis and urea 
hydrolysis, if any, the following two series of exyeriinents were 
perf or med, 

(1 ). Suspensions of Staphylococcus albus ( 1 )  were used. In- 
cubation tiine was about 16 hours. The experiiiients were per- 
fornied according to method 2 and, in niost cases, a s  soon as yos- 
sible after that the suspensions were prepared. Thus  with few 
exceptions the experiments were performed in the labile phase 
(Frostell, 1 9 5 7 ) .  Table 1. 

To the glass filter were :ipplied: 10.0 nil of n Ringer solution, 
2.0 1111 of a buffered Ringer solution, 1.0 nil of b:icterial suspen- 
sion and, when the temperature was 3 7 . 0 ° C ,  1.0 1111 of a urea 
solution (2.4 g/50 in1 Aq.  dest.). 

The pH was kept a t  6.5 k 0.2 through the addition of  0.0263 N 
HCl. Alltali production was allowed to go on for about 15 iiiinutes. 
The electrodes were removed and the wtivity was stopped by 
the addition of 5.0 1111 0.1 N HCl and 0.2 nil 20 per cent CUSOJ. 
The solution was transferred in toto to a beaker, the electrodes 
being thoroughly rinsed with distilled water. 

Inimedintely after the electrodes were rinsed, ;1 new glass filter 
WRS inserted in the app:iratus and the experiment w a s  repe:ited 
with the sole difference that now 1 . 0  in1 of :I solution of glucose 



Table 1. Ureasc activity of Stapliylococcus albus ( 1 )  i n  the abseiice :iiicl 

i n  llie presence o f  glucose expressed in 10-9 R1 per minute per m g  \vet 
weight or dry weiglit. 

Com- 
I ment No. nients 

\\.'it Iiout glucose I \Villi glucose 

11 :I . . . . . .  
1) . . . . .  

I2 . . . . .  : I  191 
l *** 
13 . . . . . .  320 
I il . . . . . .  eno 

1 I, . . . . . .  
1 -  
I b . . . . . .  

I +** 

c ...... 
-1 ii  . . . . . .  403 

e . . . . . .  

lli a . . . . .  . '  342 

I " : : : : : :  
l i  I, . . . . . .  

;I . . . . . .  :ion 

Alk. N H:i 

->>- 

Alk = alkali  production 
NH, = ammonia  protluction 
wwv = per m g  wet  weight 
d\v = per nig dry weight 

\v\v/ml = wet weight per ml 
d\v/ml = dry weight per nil 

:; A nini on ia de t e rmi  nnl io ii fii i led. 

*') 'This experiment was performed af te r  exp. .i c, i.c. late in t he  1al)ile ] ) h R S l ' .  

w'; Meiins given \vitliin the  tiible refer to  groups of experiments i i i  which 
either the activity per mg dry weiglil or the ammoiiia productioii w a s  tlc- 
terminetl. 
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(1.25 g / 5 0  1111 Aq. dest.) was added. Thus  the cells acted on urea 
and glucose siniultaneously. 

After about 15 minutes the experiment w:is stopped in the 
same way as the first experiment and the contents of the filter 
were transferred to another beaker. 

In :I third experinient, 1.0 in1 of the suspension acted on glu- 
cose only, the proportions of the other constituents being the 
same, but no urea was added. The amiiionia content of the two 
beakers was determined according to  the method o f  Ljrrngclnhl 
(1922). The whole content of :I beaker was used for one deter- 
mination. 0.1 K HCI was used for the :ibsorption of the :iniiiionia 
distilled. 

Alltali production per minute per ing wet weight and/or dry 
weight WBS determined from the iiiiiount of acid required to  keep 
the pH :it 6.5 f 0.2. Ainnionia production was calculated from 
the figures obtained :it the deterininntion of the :iiniiioniii content 
of the beakers. 

Several experiiiients were perfornied with some of the sus- 
pensions; in these experinients the time was noted :it which the 
different experiments started, iiialting it possible to study the 
effect of instability of the suspensions. The results of this series 
of experiments :ire given in Table 1. 

The results lend no definite support to the opinion that alltali 
or aninionia production froin urea is generally influenced by the 
presence of glucose. In experinients Nos. 2 and 3, however, alkali 
and :iiiiiiioni:i production was considerably higher in the pre- 
sence of glucose. 

The results of the determination of the acid production from 
glucose revealed that this production was very low under the 
conditions of the experinients. The inean activity of 3 experi- 
nients was 2.6X10-0 M per iiig wet weight per minute, which 
aiiiounts to 8.3 per cent of the nlkali production of the sanie sus- 
pensions. In the other experinients the acid production was too 
low to be determined by the method used. 

( 2  ). Suspensions of Staphylococcus albus (1-4) and nureus 
(5-6) were used. The experiments were perfornied according 
to method 2 €3 (gas let in over the surface). The incubation 
period was 10 hours. The suspensions were 24-48 hours old 
m d  thus the tests were iiinde in the st:ible phase (Frostall, 1957 ) .  
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Three different experiiiients were perfornied with every sus- 
pension : -- 

( A  I .  Into the gI:iss container were poured 5.0 nil of physio- 
logical saline and 1.0 1111 of b:icterid suspension. The saline solu- 
tion was heated diiiost to boiling before use in order to drive off 
oxygen and was put into a refrigerator until tbc reiuperzirure oi' 
the solution was less than 37".  The contniner vas placed in tlie 
:ipp:iratus, the temperature of the waterbath being 38.0" ? 0.1. 
Nitrogen gas was let in over the surfwe for at least 10 minutes, 
Lifter which the temperature of the solution was 37.5" f 0.3. 
Then 1.0 nil of a glucose solution wtis iiddecl through the gas 
outlet tube and the acid production w:is :illowed to go on for 
10-15 minutes, the pH being kept constant :it 6.5 f 0.2 by addi- 
tion of 0.01 N NaOH. The activity wtis stopped by tlie addition 
of 0.2 1111 of a 20 per cent CuSO4 solution. 0 .2  1111 was then t:iken 
in f r ip lo  for lactic acid determination. 

(€3). Into 11 g1:iss container were poured 5.0 nil of :I 10 iiihl 
phosphate solution and 1 .O 1111 of bacterial suspension. Hefore use 
the phosphate solution was treated in the smie  way u s  the saline 
solution in experiment A. Nitrogen gas was let in over the sur- 
face for 10 minutes, after which 1.0 1111 of :I urea solution (2.4 g/ 
50 nil) was added. Alkali production was allowed to go on for 
10-15 minutes and the pH was kept constant ;it 6.5 f 0.2 by 
the addition of 0.1 N HCI. The experiiiient W:IS stopped by the 
addition of 0.2 1111 of the same CuSO, solution. 'Hie whole content 
of the glass container was then transferred to the Parnas-\V:ig- 
n er a 1) para t u s for :I i i i  iii on in deter mi na t ion. 

( C  ) .  I'hosphzite solution and bacterial suspension were :idded 
to :I third gltiss container in the way described under 13. Nitrogen 
g a s  was let in over the surface and after ten minutes 1.0 1111 of 
glucose solution and 1.0 1111 of urea solution were added. A s  tlie 
acid production in these experiiiients was low, and the ;ilkiili 
production W N S  heavy, the pH WAS kept conshiit by :iddition of 
0.1 N HCI. The experiiiient was :illowed to go on for 10- -15 
minutes and w:is then stopped by addition o f  0.2 1111 of a CuSOJ 
solution. Samples were taken in triplo for I:ictic acid deterinina- 
tion and the rest o f  the contents of tlie g1:iss container W:IS used 
for :iiiiiiioni:i deterininntion. 

Lactic :wid concentration before tlie start of Ihe experiiiient 
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was determined by diluting 1.0 1111 of bacterial suspension with 
5.0 1111 of physiological saline and taking 0.2 1111 of this suspen- 
sion in triplo to tubes containing CuSOa. 

Thus lactic acid production and aninionin production were de- 
termined under different experimental conditions, viz. ( A  ). 
When the cells were acting on glucose alone, ( B ) .  when the cells 
were acting on urea alone, and ( C ) .  when the cells were acting 
on glucose and urea siniu1t:ineously. 

Ammonia determination was performed a s  soon a s  possible 
immediately after experiment C. Seven such deterniin. .I t' ions were 
performed, in the following order: on 2 controls of distilled 
water, on 1.0 nil of urea solution, on the whole contents of the 
glass containers A, B, and C :ind, lastly, on 1 control of distilled 
water. 

The container A never gave aniiiionia. The urea solution gave 
a small aiiiount of aiiimoni:i in some experiments ( a  few per cent 
of total amnionin content). In these cases corrections were made 
for amnionia values obtained for containers €3 and C. 

Experiment A w a s  perfornied with the cells suspended in saline 
solution, since it was inipossible to determine the acid produc- 
tion from the aiiiount of alkali required to keep the p H  constant 
if a more heavily buffered solution was used, owing to the low 
activity compared with urease activity. It was found that the 
difference in buffer concentration between experiments A and 
B and C did not influence the lactic acid production. 

"Acid production", as defined above, under "Determination of 
Activities", w a s  colculated from the aiiiounts of alkali required 
to keep the pH constant. Lactic acid production was calculated 
from the difference between the initial and the end concentra- 
tions of lactate and the volunies. "Alkali production" was cal- 
culated from the tiiiiount of acid required to keep the pH con- 
stant and :iiiiiiionia production activity from aiiiiiionia produced. 
For  experiment C a correction was made for the aiiiount of solu- 
tion used for lactic acid deteriiiin:ition (0.6 1111 1. All values were 
calcul:ited in iiioles per minute per iiig wet and dry weight. 

Double experiments were made with some suspensions. 
The results a re  given in Tables I1 and 111. If the figures given 

in  Table I1 are examined (alk:ili production calculated from the 
aiiiount of acid required to keep the pH cons tmt)  it will be seen 



1!)0 G6llAN FHOSTELI, 

1,060 

Table 2. I'rease activity of Xlicrococci in the ubscnee and in the presence of 
glucose expressed in 10-9 111 per minute per mg wet w~eight ant1 dry weight. 

(604) (2,700 

a29 900 

I I 1 am 

I 
Staph. alh. ( 1 )  90 

I 
Slaph. alb. ( 2 )  I 111 

Stilph. ;111>. ( 3 )  ' I23 

I 
Staph. ulh. (4) 146 

20.8 

20.8 

22.1 

32.7 

Stiiph. ulh. (4) 104 
Staph. aur. ( 5 )  

Stiiph. aur. ( 6 )  

76 ~ i . 0  

il)  61 I 16.3 
I 

~ b) - 1 - 

241 

217 

282 

370 

135 

147 

187 

189 - 

t lw ~ ww 

1,870 

1.9.iO 

1,100 

1.160 

1,630 

1,650 

- 

700 

6!)9 

707 

611 

- 

244 

4 0 0  

400 

472 

I52 

170 

218 

232 

2,130 

- 

806 

x i 5  

868 

259 1,410 
(264) (1,470' 

378 1,690 
(3!l1) 1(1,750 
I20  - 

118 500 
(133 I (690) 

197 1 737 
(2221 I (831) 

I -  - 

527 [ 2,950 

126 ' - 
157 1 746 

Alk. = alkiili production determined in moles required to keep pH 

NHs = production of ammonia 
w'w = wet weight in mg 
tlw = dry weight in mg 

constant. 

ww/ml = hilcterial wet weight per m l  of suspension 
dar/ml = bacterial dry weight per ml  of suspension 

Ammonia determination failed 
** No correction for urea decomposition (error estimated at  2 per cent)  
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ml  0.1-n 
H CI  

- 
Min. 

6 -  

6 .  

4 -  

3 -  

1 2  3 4 6 6 7 8 0 1 0 M i n .  

Fig. 1 1 .  Alkali production from urea by a suspeiision of Stapl~ylococcus. 
Stimulation of activity in the presence of glucose. The experiments with 

and without glucose were performed alternately. 

that in most of the experiments the difference in alkali produc- 
tion between experiments with and without glucose is very small. 
However, in one of the experiiiients with Staphylococcus albus 
( 1 )  it is obvious that alkali production is stiinulated in the pre- 
sence of glucose. This fact is clearly seen, since two series of 
experiments were performed alternately with the saiiie suspen- 
sions on the same occasion. It must be reiiieiiibered that these 
figures are calculated from curves constructed froiii about 20 
different readings (Fig. 11. Table 11). Figures in brackets express 
alkali production calculated with regard to the acid production 
in experiments A. 

Lactic acid production froill glucose was generally lower in 
the presence of urea than when the cells acted on glucose only. 
The inhibition. however, was far froiii complete, and in one 
experiment lactate production appeared to be higher in the pre- 
sence of glucose. Even in some pilot experiiilents no inhibition 
was found. 



Table 3. Acid production from glucose 115' Micrococci in  tlie prcseiice iiiid 
i n  the ahel ice  of urea cspresaed i n  10-9 hl per minute per rng wet weight 

uiid d1.p weight. 

21.6 

18.4 

4 .6 
13.2 
1.99 

14.5 

95.3 1 12.x 56.7 , 10.1 , 44.5 
I 9.6 1 42.5 I 

I 

98.0 

25.6 
59.0 

68.9 
- 

18.1 97.0 I 11.2 
I 11.6 

4.1 22.x 3.1 
7.1 91.6 12.5 
1.70 , - 1.46 

93.5 ' 18.9 , 70.x I 16.6 1 62.1 I 
 ti 1 9.4 48.7 I 

I ~~ ~ 
, 1 

~ ~~~~~~ ~ ~ ~ ~~ 

w\v = wet weight 
dw = dry weight 

Total = Total acid production as calculated from the amount of n1k;ili 
required to keep tlie pH constant. 

Liictatc = Lactate productioii. 

'b lac1 II t c det e rrn i ii at ion failed. 

The acid production in moles produced f roni glucose per ing 
wet or dry weight iiinounted to  only 5.5 per cent of alltali pro- 
dunction froni urea by the smie  suspensions expressed in :I si- 
inilw way (iiieiin of 7 experiments ) . 

Different inethods were used for the deterniination of the 
urease activity because different methods proved to be suit:ihle 
for different purposes. Methods 2 A and H were used in m o s t  
cases and proved to be the best in the hands of the author. Me- 
thod 2 A (gas driven through the solution) w a s  used by pre- 
ference in experiments in which it R:IS desired to change the gas 
pressure of the test solution rapidly, for ex:imple, when chiinging 
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from aerobic to anaerobic conditions. However, if the nitrogen 
gas contains even traces of oxygen this iiiethod is not suitable 
for anaerobic experiments for obvious reasons. Since it is known 
that the iiiethod used by the author to free the gas from oxygen 
is not 100 per cent effective, ”anaerobic” in this paper iiieaiis 
”having very low oxygen tension”. 

The activity was stopped by the addition of 20 per cent CUSOI. 
Different aiiiounts of the solution were used in the different 
methods. This was due to the fact that when the copper sulphate 
concentration was high there was :I foaiiiing of the solution in 
the Parnas-Wagner apparatus, whereby alltali went over to the 
acid and destroyed the experiment. Instead the pH was lowered 
to 1.5 by adding 0.1 N HCI in all experiiiients when the low cop- 
per sulphate addition was used (0.2 1111). (This was also per- 
foriiied in order to prevent evaporation of NHJ.) However, urease 
is very sensitive to copper sulphate and the concentration ob- 
tained in these experiiiients (1/1500 weight/volume) is inore than 
sufficient to stop the activity iiiiiiiediately. 

The aiiiiiionia deteriiiinations were :ilways performed iniiiie- 
diately after the alltali production experiments, because it was 
found that aiiiiiionin soiiietiiiies ”disappeared” slowly froiii the 
solution in spite of the fact that the pH was about 1.5. It was 
thought that this was due to foriiiiition of organic or inorganic 
nitrogen compounds from NHs which at the subsequent deter- 
iiiin:ition of the ammonia content did not give off aniiiionia. 

When deteriiiiniiig the error of method 1 the author used :I 

suspension with low activity per volyiiie because the suspension 
had to be diluted so that iiiany experiments could be performed. 
When the activity is low the pH changes rather slowly unless 
the buffer capacity is very low and it will then be difficult to 
determine the iiioiiieiit when the experiiiient should he stopped. 
When the activity is lively and the buffer capacity is in corre- 
spondense with it (i.e. the change of pH is about 0.2 per minute), 
the error of the inethod iiiay be kept lower. 

The iiieaiiing of the expressions ”acid production” and ”alltali 
production” iiiust be clearly understood. When urea is deconi- 
posed in the presence of phosphate buffer, aiiiiiionia and c:irhon 
dioxide are foriiied (Sizmnpr, 1951).  At pH-values below neu- 
trality the aniiiionia is retained a s  :iiiiiiioniuiii ion in the solu- 

13 - .-lrl(: odoiif .  Scctnii. I ’ d .  17 



194 <;BRAN FIIOSTELI. 

tion and the carbon dioxide is partly in the form of c:irbonate 
ion. The CO2 will evaporate and cause loss of acidity. The rapidity 
of this loss is dependent upon several factors, :inlong which the 
pH and the concentrations of carbon dioxide in the solution and 
in the gas over the surface are the inost iinportant. Thus ":iIk:ili 
production" is alkali production under the conditions of the ex- 
periments and may not be directly transferred to conditions in 
the oral cavity. In spite of this, the results give :I clear indica- 
tion of the possibilities of alkali production by the organisms 
in question in saliva and in the dental plaque. The :iiiiiiionia pro- 
duction activity is less informative in this respect because the 
alkali production from aiiinionia is partly balanced by the "acid 
production" in the form of carbonate production. 

At pH-values over 7, amnionia will evaporate rapidly. If the 
iimmonia is to be determined by methods 1 or 2 at such pH values 
the system must be closed so that the NH3 evaporated niay be 
led from the outlet tube to a tube containing acid. When the 
author had to perform experiments at  pH-values over 7, method 
3 was used. 

Many methods are available for the deterinination of aiiiiiioniii. 
The Ljungdahl method was chosen since it proved to be practic- 
able and rapid and since :I very high degree of accuracy was of  
little value in experiments, in which the biologic variation is so 
great. 

The values of acid production from glucose determined by 
methods 1 or 2 iiiay be too low owing to the possibility that 
volatile acids may be produced which iiiay evaporate. When the 
experiiiients are performed anaerobically, however, the amount 
of volatile acids produced from glucose is usu:illy very siiiiill 

(Sfrdlfors,  1950 a. 0.1. 
The results of the experiments on the possible influence of 

oxygen tension on urease activity in micro-organisins are in ac- 
cordance with what was to be expected. The author has not, how- 
ever, been able to find any reports of investigations dealing with 
this factor. 

The experiments on the localization of the enzyme are in agree- 
ment with known facts. The slight activity found in the super- 
natant fluid was considered to be due to organisms that were 
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present in this fluid. Since it is well known that urease is tin intra- 
cellular enzyme it was considered of little value to study this 
question further. 

The strains tested in this investigation raised the pH to be- 
tween 8.5 and 8.8 in 30 to 40 minutes. This is  of interest in rela- 
tion to the results of Stephnn, 1043, who found pH-values over 
9 in the dental plaque. It may be that certain strains may raise 
the pH to higher values than those obtained in the present in- 
vestigation. There iiiay be other urea-hydrolysing organisms than 
iiiicrococci in the dental plaque with ability to cause very high 
pH-values. It inay also be that the antimony electrode used by 
Stephnn gave values that were too high (Brudeuold & Thompson, 
1954). 

Maxiiiiuiii tictivity was found near to pH 7, which is in agree- 
ment with earlier investigations on pure urense solutions. From 
the results of this investigation it is not possible to deteriiiine 
exactly where the top of the curve is to be found. 

Jenkins c t  Wright (1951) claim that urease activity is inhi- 
bited in the presence of phosphate (0.15 M ) .  This was not con- 
firmed by the present investigation. In the experiments by Jen- 
kins & Wright, however, a number of varying factors are present 
at the same time. 

In the present study, urease activity was not inhibited by con- 
centrations of urea as high as 3 M (5.1 per cent) but at con- 
centrations of 5 M (8.5 per cent) the cells were slowly poisoned. 
Clegg and Rae (1956) claiiii that 10 per cent urea iidded to saliva 
causes inhibition of aiiiiiionia production. Thus their finding is 
in agreement with the results of the present investigation. 

The experiments by Kesel et nl. (1946), Jenkins and Wright 
(1951), and Clegg and Rae (1956) on the possible relationship 
between ammonia production from urea and lactate production 
in saliva were perforiiied under such circunistances that only a 
few conclusions can be drawn from their results. The incubation 
period was several days in the cases for which this period is 
mentioned in the papers. This means that any effect exerted by 
a certain factor may have affected the growth of the organisms. 
Very little is known of the changes in the pH during such ex- 
tended experiments. 
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The difference in  lactate production found in soiiie of the pre- 
sent experiments between suspensions in the presence and in the 
absence of urea must be considered with caution. These coiii- 

plicated experiinents were performed under :irtificial conditions. 
The suspensions were in  the stable phase ( Frostell, 1957),  i.e. 
they were about 24 hours old. It has been found earlier (Frostell, 
1957) that  in suspensions of lactobacilli the acid production is 
sonietiiiies slight lit the beginning of the experiinents and gradu- 
ally beconies iiiore lively and stable. Such experience has  been 
gained with other micro-organisms than 1:ictob:icilli in rare cases. 
\‘ariation in the accelerntion of lactate production iiiay lead to 
differences in the results of experiments with the s:iiiie suspen- 
sion. The experiniental period has been kept short, ;I factor which 
increases the risks of error due to this phenoinenon. However, 
in soiiie experiments the difference in lactute production in the 
presence and in the absence of urea is rather obvious :ind c:innot 
be explained by experiniental difficulties :ilone. 

The ii1ech:inisiii of :I possible inhibition of the 1urt:ite 1)rodue- 
tion is obscure, but iiiay be explained in several different w:iys. 
The presence of urea iiiay exert an  inhibiting action on tlie en- 
zymes responsible for glucose degradation. The incrensing iiiii- 

iiioniuiii ion concentration during the experiment niay have tlie 
s:iiiie effect. Since the author has  found no inhibition of tlie lac- 
tate production by suspensions of lactobocilli in the presence of 
concentrations of urea or  :iiiiiiioniuiii ion likely to occur in the 
glucose-urea experiments it seeiiis iniprob:ihle that these w:igs 
of explaining the inhibition :ire correct. 

In several experiments in this investigation there W:IS a ten- 
dency to obtain higher vdues  for u r ~ n  hydrolysis in the presence 
of glucose than in the absence of this substance. The difference 
between tlie iiieans is not stntistically significant, however, ill- 

though in soiiie experiinents the difference is obvious and beyond 
doubt. A tentative explanation of these findings is offered. \I’hen 
the cell is acting siiiiultaneously on glucose and urea, the urea 
degradntion dominates quantit:itirely and large aiiiounts of :iIlc:ili 
:ire produced. The pH of the protoplasin of the cell becoriies 
:illcnline and optiiiiuiii pH for 1:ictnte production is not brought 
about. Hence lactate production is ”inhibited”. On the other 
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hand, when glycolysis is going on a t  the saiiie t h e  a s  urea hydro- 
lysis, sever:il organic acids are formed which prevent the allta- 
linity froiii reaching the high level that is present when only 
urea hydrolysis is going on. Hence urea hydrolysis is going on 
in a iiiediuiii the pH of which is nearer to optiinuiii pH than if 
no sugar degradation occurs and alltali production is "sti- 
mulated". It is, however, hard to explain why this suggested pH- 
effect was deiiionstrable in only a few experiinents. 

Ureuse activity of six strains of inicrococci from the oral c:ivity 
have been studied under different experi1iient:il conditions, using 
R titration iiiethod presented earlier by the author. This iiiethod 
perniits determination of alkali and acid production by inicro- 
organisms at constant pH. 

It was found that the urease activity was not affected by 
changes in oxygen tension or inoderate changes in phosphate 
buffer concentration. Optiiiiuiii pH was found on the acid side 
of neutrality. Maxiiiiuin urease activity was found a t  urea con- 
centrations between 0.10 and about 3 M; activity was, however, 
still present :it urea concentrations as  high a s  8.9 moles. It was 
found that the cells were slowly poisoned by urea a t  concentra- 
tions of 5 M. 

Ure:ise activity of highly active suspensions of inicrococci was 
of the order of 260x10-9 M/niin./nig wet weight when urease 
activity w:is expressed a s  iiioles of alkali produced under the 
conditions of the experiments. If the activity was expressed in 
iiioles of NHa the saiiie value was about 350x10-9. Acid produc- 
tion of the s:iiiie strains w:is about l 5 x  10-9 M/niin./iiig. Thus 
acid production aiiiounted to only 5.5 per cent of alltali produc- 
tion by the same strains. 

When the cells of the suspensions acted on glucose and urea 
simultaneously, neither glycolysis or urea hydrolysis was se- 
riously affected a s  a rule. This iiieans that the cell is capable of 
perforining iiiaxiiiiuiii urease activity and inaxiniuiii glycolytic 
activity simultaneously. However, it was shown that soiiietiiiies 
urease activity is iiinrkedly increased in the presence of glucose. 
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Acid production determined a s  lactate production was generally 
soiiiewhat lower in the presence than i n  the absence of glucose. 
This tendency could not be explained hy experiniental diffi- 
cul ties. 

The author offers a tentative explanation of these findings. 
When urea hydrolysis is going on, large amounts of alkali are 
perhaps set free within the cell, changing the pH of the proto- 
plasiii to the alltaline side of neutrality, and thereby optiiiiuiii 
acidity for glycolysis is not obtained. Consequently, glycolysis 
is ”inhibited”. On the other hand, when glycolysis is going on 
:it the same t h e  a s  urea hydrolysis, :I number of acids and 
interiiiediary acid products ni:iy he set free within the cell, and 
so hydrogen ion concentration will be kept closer to neutrality 
than if the cell acts on urea alone. Consequently, urease activity 
is ”stimulated” by the presence of glucose. It is, however, difficult 
to explain why these effects :ire deiiionstrnhle in only ;I few ex- 
perimen ts. 

RECHERCHES SUR L’ACTIVITE DE L’UREASE ET L’ACTIVITE 
GLYCOLYTIQUE 

L’crctivitP de I’urPase de six colonies de iiiicrocoques de In cnvitf 
orale a CtC Ctudife dnns diffkrentes conditions expPrinientales, 
en utilisant une iiiPthode pr&cCdeniment exposPe par I’au teur, 
iiifthode qui periiiet la dftermination de la  production de l’alcnli 
et de I’acide A un  degre coilstant de pH. 

On a trouvC clue l’activitf de I’urCase n’Ptnit pis affectCe par 
les changeiiients de la tension en  oxygPne ou par des changeiiients 
mod4rCs dans la concentration de la solution tampon de phos- 
phate. On a trouvC que le pH optimum Ctait sur le versant acide 
du  point de neutralit&. L’activitC iiiaxiiiiuiii de I’urCase a 4tf 
trouvee B des concentrations d’urde variant entre 0,16 et environ 
3 M. L’activitC Ctait cependant encore prPsente h une concentra- 
tion d’urde aussi PlevCe que 8,9 M. On a trouvC clues les cellules 

de 5 M. 
L’nctivitC de l’urCase de suspensions hautement actives de 

iiiicrorocjues Ptait de I’ordre de 260 X 10-” M p i r  minute 

Ctnient lenteiiient eiiipoisonntes par I’urCe h des concentr. ‘I t’ 10ns 
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par milligramme de poids A 1’Ctat iiiouillC quand I’activitC de 
I’urPase Ctait expriiiiPe en niolCcules d’alcali produites dans les 
conditions de I’expCrience. Si I’activitP etait exprim6e en iiiolP- 
cules de NHy cette valeur Ctait d’environ 350x10-9. La produc- 
tion acide des iiiCiiies colonies Ctait d’environ l5X 10-9 M/iiiin./ 
mg. Ainsi la production acide s’Clerait a seuleiiient 5,5 pour  cent 
de la production d’alcali dans les iiiCiiies colonies. 

Quand les cellules des suspensions agissaient sur le glucose et 
1’urCe simultanCment, ni 1:i glycolyse ni I’hydrolyse de 1’urCe 
n’etaient s6rieusenient affectees en general. Ceci indique clue la 
cellule est capable de produire un iiiaxiiiiuiii d’activiti! de I’urCase 
et un iiiaxiiiiuiii d’activitk glycolytique s imultanhent .  Cepen- 
dant, i l  a PtC iiiontrC que parfois I’activit6 de l’urCase est notable- 
nient augiiientke en prdsence de glucose. La production wide 
dCtermin@e coiiiiiie production d’acide lactique h i t  g6nCraleiiient 
un peu plus basse en presence qu’en son absence (de glucose). 
Cette tendance ne pouvait pas &tre expliqu6e par les difficultCs 
expCrimentales. 

L’auteur presente line theorie pour expliquer ces constatations. 
Quand I’activiti! de I’urhse est en cours, de larges quantiti!s 
d’alcali sont IibCrCes B I’intCrieur de l a  cellule, dGplapnt le pH 
du protoplasiiie vers le versant alcalin du point de neutralitt!, et 
ainsi I’aciditC optimum pour l a  glycolyse n’est pas obtenue. En 
consCquence, la glycolyse est ”inhibee”. Au contraire, quand la 
glycolyse est en cours en iiiCiiie tenips clue I’hydrolyse de l’urCe 
une quantitf d’acides et de produits acides interiiikdiaires est 
IibCrCe a I’intPrieur de la cellule, et ainsi la concentration ioniqae 
de I’hydroghe sera gardCe plus prcs de lo neutralit6 clue si la 
cellule agit uniqueiiient stir I’urCe. L’activitC de I’urCase est donc 
”stiiiiulCe” par l a  presence du glucose. I1 est cependant difficile 
d’expliquer pourquoi ces effets ne sont dPniontrables qiie dans 
quelques experiences seulenient. 

ZUSAMMENFASSUNC 

UNTERSUCHUNGEN UBER DIE UREASE- UND GLYKOLYTISCHE 
AKTIVITWT EINIGER MIKROKOKKEN DER MUNDHOHLE 

Die Ureaseaktivitat von sechs Mikrol<oltltenfaiiiilieli aus der 
Mundhiihle ist unter verschiedenen \‘ersuchsbedingungeii unter- 
sucht worden. Dabei gelangte eine Methode zur Anwendung, die 
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der Autor schon friiher veriiffentlicht hat, und die die Restim- 
iiiung der Basen- und Saurebildung durch Mikroorganismen hei 
konstanteiii pH erlaubt. 

Man fand, dass die Ure:iseaktivitlt durch Anderung des Sauer- 
stoffdruckes oder durch iiiassige Anderung der Konzentration 
des Phosphatpuffers nicht beeinflusst wurde. Der optiiiiale pH- 
Wert  lag nuf der sauren Seite des Neutralpunktes. Die iiiaxiiiiale 
Ureaseaktivitat erreichte iiian bei Urealtonzentrationen von 0,16 
his ungefahr 3 Mol/l. Die Ureaseaktivitat wiir jedoch noch bei 
so hohen Urealtonzentrationen wie 8,:) Mol vorhanden. Man fand. 
dass die Zellen bei Konzentrationen von 5 Mol/l alliiilhlich 
durch Urea vergiftet wurden. 

Die Ureaseaktivitat stark aktiver Mil<rokoltltus-Suspensionen 
entspricht der Grossenordnung 260X J 0 - 0  iii,/Min./iiig Feuchtge- 
wicht, wobei die Ureaseaktivitat, die unter den Versuchsbedin- 
gungen erzeugt, in Alltnliiiiol ausgedriickt wurde. Der ent- 
sprechende Wert  fur  die Aktivitat ausgedriickt durch NH3-mol 
ergah 350 X 10-0. Die Saureproduk tion derselben Mikroltoltken- 
fmiilien betrug etwa 15 X 10-0 M/Min./iiig. Die Saurebildung 
erreichte also nur  5,5 76 der Alkalibildung derselben Faiiiilien. 

Wenn die Zellen der Suspensionen gleichzeitig auf Triiuhen- 
zucker und Urea einwirkten, wurde in der Regel weder die Cly- 
kolyse noch die Hydrolyse nennenswert beeintrachtigt. Das be- 
deutet, dass die Zelle fahig ist, zur gleichen Zeit iiiaxiniale Urease- 
und niaxiiiiale glykolytische Aktivitat auszuiiben. Jedoch wurde 
gezeigt, dass die Ureaseaktivitat bei Anwesenheit von Triiuhen- 
zucker manchiiial bedeutend zuniiiinit. Die Saurebildung in Form 
voii Milchsiure ist iiii ullgeiiieinen bei Anwesenheit von Trauhen- 
zucker etwns niedriger als beiiii Fehlen desselben. Diese Tendeiiz 
konnte nicht auf experiiiieiitelle Schwierigkeiten zuriick gefiihrt 
werden. 

Der Autor hat  eine Theorie zur Deutung dieser Ergehnisse 
:iufgestellt. Wenn Ureaseaktivitat vorliegt, werden innerhalb der 
Zelle grosse Mengen von Alkali frei, die eine pH-Verschiebung 
des Protoplasriias auf die alkalische Seite des Neutrnlpunktes 
herbeifuhren, wodurch der optiiiiale pH-Wert fur  die Glykolyse 
nicht erreicht wird. Infolgedessen wird die Glykolyse geheiiiiiit. 
Wenn dagegen die Clykolyse gleichzeitig iiiit der Ureahydrolyse 
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stattfindet, werden innerhalb der Zelle eine Anzahl von Sauren 
und interinediaren Saureprodukten frei. Hierdurch n iher t  iiian 
die Wassenstoffionenlconzentration deiii Neutralpunkt auf die 
gleiche Weise, als wenn die Zelle alleine auf Urea einwirltte. 
Infolgedessen wird die Ureaseaktiyitat durch die Anwesenheit 
von Truubenzuclter ”angeregt”. Es ist jedoch schwer zu erklaren, 
waruiii diese Resultate nur  in wenigen Experimenten erzieht 
werden ltonnten. 
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