Acédo Bacteriolitica dos Fosfatos (Fosfatolise Bacteriana)

GENEsIO PAcHEco E ViNIicius Moreira DiIAs

Anteriormente Pacheco ¢ Abreu (3) observaram um efeito litico de uma
agua mineral radioativa s6bre certas bactérias e Pacheco & Echaniz (4) com-
pararam a atividade bacteriolitica do Na, HPO,. 2H.0 sébre Salmonella
typhkosa e Escherichia coli.

No presente trabalho procurou-se observar as possiveis diferencas na
atividade de varios fosfatos.

MATERIAL E METODO

Os sais usados foram Na.HPO,. H,O, Na, HPO,. 2H,0, Na, HPO..
12H.O e K, HPO,. H,O, em solu¢ées M/10, M/50, D/100, M/500, M/1000
ou 1/100 e 1/1000.

Os germens usados foram a S. fyphosa amostra H901, E. coli e Mi-
crococcus pyogenes var. aureus, de nossa colecdo de culturas. Germens
crescidos em agar inclinado, durante 24 horas. eram suspensos e lavados 2
vezes em aguas fisioldégica, depois preparadas suspensdes de modo a obter
concentra¢des adequadas.

As solucdes de fosfato eram distribuidas em tubos Kimble de 13x100/mm,
apropriados ao colorimetro fotoelétrico de Klett- Summerson. A concen-
leitura aproximada de 100 ou mais do colorimetro, usando o filtro verde
lisadas todois os dias e os resultados referidos a leitura inicial com aumento
(540myp.), utilisando a solucdo fosfatada como blank. As leituras eram rea-
lisadas todos os dias e os resultados referidos a leitura inicial com aumento
ou decréscimo da opacidade. Mantinham-se os tubos com as suspensdes na
temperatura ambiente e no final verificava-se a viabilidade dos germens. De
outras vezes os germens eram préviamente mortos e conservados em tubos
fechados a lampada.

RESULTADOS

Mostraram as experiéncias com Na, HPO,, 2H.O 1/100 e 1/1000,
com M. pyogenes e E. coli que éste sal exercia nitida acdo bacteriolitica sébre
o M. piogenes nas concentracdes usadas, quer nos tubos fechados quer nos
abertes, na temperatura ambiente ou a 39?, vivos ou mortos (pelo eter), Figs.
1 e 2. Sébre a E. coli a atividade foi menos intensa. Figs. 3 e 4.

Com NaH. PO,. H:O em varias concentracdes o efeito variou com
os diferentes germens utilisados: a S. typhosa foi lisada em todas concentra-
¢Oes usadas, embora menos que na agua destilada (Fig. 5); a E. coli foi lisada
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mais intensamente na solucdo 1/100 e 1/1000 e menos nas outras ¢nucentra-
coes (Fig. 6). M. pyogenes se mostrou lisado no mesmo grau que na agua
destilada (Fig. 7). Em outras experiéncias preliminares, no entanto, as con-
centracdes mais fracas se mostraram mais bacterioliticas.

O pH das solu¢des medido com eletrode de vidro foi: M/ 10, 4.5; M/50,
4.75; M/100, 4.92; M/500, 5.07; M/1000, 5.32.

Com Na, HPO,, H,O, os resultados foram um tanto diferentes dos
alcancados com o NaH, PO,. H-O: a S. typhosa foi menos lisada que na agua
destilada, tal qual foi obtido com o NaH, PO,. H,O (Fig. 8); a E. coli
entretanto foi fortemente lisada em tddas as concentragdes, sendo mais
ativas as mais concentradas; M. pyogenes foi totalmente lisado em solugao
M/100 ¢ M/1000 (Fig. 10). O pH destas solugdes ftoi: M/10, 11.,4;
M/50, 11.5; M/100, 11.35; M/500, 9.6; M /1000, 7.43.

Anteriormente vimos que os microrganismos mortos eram intensamen-
te lisados em presenca de solugdo de Na. HPO,. 2H.O. Por isso emprega-
mos 3 tipos de fosfatos em soluciao M10 e M /100 (Fig. 11-12-13). Os mir
crorganismos eram mortos pelo eter que era evaporado durante uma noite na
estufa ‘e em seguida suspensos nas solu¢des de fosfatos. Os germens vivos
eram suspensos em aqua destilada para comparagao (Fig. 14).

DISCUSSAO

Lise de bactérias pode resultar de anticorpos, envelhecimento, morte,
bem como de agentes quimicos. De qualquer modo a lise resulta sempre da

ruptura da parede celular.

A primeira observacido da lise bacteriana pelos fosfatos foi de EVANGE-
LINOS & WOHLEEIL (1) com a E. coli. Mediram éles a lise pelo acréscimo do
teor de proteinas dos filtrados das suspensbes bacterianas em solu¢des de
fosfato de sédio M/15, M/30 ¢ M /6%, tendo se revelado ativas tédas elas.
O Proteus foi menos lisado nas concentracdes mais fracas. A lise foi vista
mais forte em temperatura entre 37-45¢.

WELsCH, SALMON & HEUSGHEN (9) observaram que a lise exponténea
do estafilococo pela “estafilolisina” era incrementada com a adiciao de fosfato
de potassio 0,1 por cento. Removendo o fostato pelo carbonato de bario a

lise permanecia.

WELscH & SALMON (8) viram ainda que o fosfato dispotassico ativara
liquidos inativos ou pouco ativos, pela excessiva diluicdo, sendo o fosfato
monopotassico menos ativo. Bactérias mortas foram lisadas como as vivas,
revelando que o fendmeno deve ser diferente do referido por WELSCH.

WELsSCH & SALMON (8) verificaram que suspensdes de estafilococos la-
vadas 3 vezes quase ndo eram lisadas mas que a juncdo de 0.1 por cento de
fosfato d'ssédico determina rapida lise o que interpretaram como um efeito
ativo do fosfato sébre o principio litico (ou fermento) que se revelou neces-
‘sario a bacteridlise. Por outro lado o lavamento bacteriano reduz enorme-
mente a acdo litica do seu «fermento», que pode ser reativado pelo fosfato,
como quer WELSCH (7).

Os trabalhos de WELSCH e seus colaboradores admitem a existéncia de
uma bacteriolisina a qual pode ser inespecifica sequndo SMOLIER (5) ou es-
pecifica como quer WELScCH (7).
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Nossos resultados mostraram uma atividade bacteriolitica de varios
fosfatos, algumas vezes bastante intensa. As observacdes de WELscH &
SALMON (8) de lise expontanea foram feitos com liquidos contendo fosfatos,
salvo quando éste foi eliminado por tratamento quimico mas péde ter havido
uma penetragdo intracelular prévia do fosfato antes da sua eliminacdo do
liquido que o continha.

Nossas observa¢des acérca da acdo litica dos fosfatos em diluicdes fracas,
parece-nos de importancia, pois observa-se algumas vezes o desaparecimento
de germens nas culturas em caldo que contenha fosfatos. Observaram MELLO
& CoL., (2) por exemplo, rapido desaparecimento de brucelas em meios
contendo fosfatos como tampao. '

Certos cocos Gram positivos sdo particularmente sensiveis a fosfa-
tolise e ¢ frequente a cbservacdo de seu desaparecimento nas hezmoculturas em
meios liquidos.

RESUMO

1) As bactérias sdo lisadas pelos fosfatos, cuja atividade litica varia
com o sal de fosfato, os trivalentes sendo mais ativos.

2) A fosfatdlise independente da viabilidade da bactéria.

3) A fosfatélise pode interferir nas suspensées com tampdes de fos-
fatos e na preservacido de hemoculturas.

M. pyadenes, var._aureu M. pyogenes,var aureus
DEAD - 37°C ALIVE - ROOM TEMPERATURE
[See remarks of fig. 3} (See remarks of fig 3)

120%H A

1000/0. _ .
'.. ’1—_'\
1> 3 5
N\ Q)
aoedl D o«
O% N o
'S
o
60°/o 88
o
- )
-
.
o <
407% -
<

20%




INITIAL TURBIDITY (PERCENT)

INITIAL TURBIDITY (PERCENT)

408

Memdrias do Instituto Oswaldo Cruz

52, (2), 1954

120 %

100 7%

80%

60%

40%

40%

Seaqled Open
010 S SR SH— | oO0—0
NaCl 09% oo e is pmmmang Arme—eid
NoHPOg 2H0 1/100...... ge——g  [rz:cs
Na,HPO4 2H0 1/1000......... | SR S VR =)

S. typhosa

NaH,P04.H,0

n “
Ny
] >
‘11‘.[‘. a A, ° 0--\?
LR, Ol O i,
L, ]
N e . e,
‘lli & /,.e_:,‘_ '.0""'"0-. "s...
l|:|‘ 4'/,” ‘*.:::::::::::::-{h e 10 LR YR §
< ~
i e o O
T & 277 TR
W, 7 s ‘hs‘.ﬂf" ’ RN .
|
Or==Oa M/10
§—@ M/,350
Lr===A M/I00
A-vores A M/500
O=—o0 M/I1000
B====0 H,0
. Q
D A Y S
F16. 5

INITIAL TURBIDITY (PERCENT)

INITIAL TURBIDITY (PERCENT)

80

60

40%

20%

100%

60%-

40%

Y

P

E. coli-Alive

ROOM TEMPERATURE

Sealed Open
H20-,..,...‘........................................ ._. o__...o
NoCl 0.9%..ccicriirs Ammmwh  fom—eeA
NOaHPOA.ZHzo 1/100........... e———_ 3====0
NogHPO4.2H,0 1/1000....... @urmia  G=rme®d
2 4 6 v 8
D A Y S
Fi6. 4
E. coli
NaH,PO,.H,0

D A Y S
~ Fig 6



Pacheco e M. Dias : Fosfatolise Bacteriana

409

80 o/o'

400/0 T

INITTAL TURBIDITY (PERCENT)

M. pyogenes, var_aureus

NaH,PO4.H50

O=-=--0 M/10 | :‘-.\
. oe—e M/S0 ]
20%t1 be===fy M/100
f VOTTPTYver A M/SH0
D———= M/1000
B=====8 HZO
O e
o 2 4 6 8 10
D A Y S
File. 7
| E. colt
.loo% . N03P04.12 H20
~ 80%
Z
Lt 3
g ‘\m -_J;:-:-;:.Q\\.\
w ': //.__...__g:."-‘;--"" *«.‘:bé‘ ,g.‘-'-"'.?*.‘:\
Q. | 4\ N P D B N
600/0' : -
- LA, '
— - G =
% Ba T N \
03:‘ | -__,-6-——""“"‘:::&"‘:::: ...... Aeioeionr A -
. g T T — A,
L AAO ' ﬁf’.‘o‘ . N4
é 407 W -:;, . o s ot 'O‘-\.,\h
—— ' Iv
. _z_ ; \O
i O===0 M/10
[ Y— ‘.(“M/ 50

A-==dA M/I00
A-h M/500

80 Yo

400/0 T

60%T

INITIAL TURBIDITY (PERCENT)

20%

100%%

80%

60%:1

40 %

INITIAL TURBIDITY (PERCENT)

S. typhosa

Na 3PO4|2H20

=0 M/I10
@o—=@ M/S50
&~-=A M/100

M. pyogenes, var aureus
Na PO, .12H,0




INITIAL TURBIDITY (PERCENT)

INITIAL, TURBIDITY (PERCENT)

410

Memdrias do Instituto Oswaldo Cruz

807

I
o
N

20%

. 0%

60%t

M. pyogenes, var_aureus
DEAD

\
\
\
“. "'.g“ .,.-"-""""'"‘A ------------ &
\
\
.
\
Y
]
{
1 Y
\
b
\n.\
\“
‘\ﬁ'--*—d-.“
""'A--_,,_‘
.-‘-';-.h*“ﬂ
M/1O° M/100
NOH2p04.H20 o9 co0—O
No3PO4.12H,0 A———4  A---A
KoHPQO,4 [ — | ===
— 1 e ———— e =
2 4 6 8
D A Y S
Fig 11

\\\ _A
BN
\'\
60% AN
‘ ‘\\
\\
\\\.n
40%
M/I0 M/I00
| NojPO4 12H,0 A—==4 A-—-4
| KaHF'Oq — OF===
0% |——_‘—_—
O 2 q o 8
D A Y S
Fia 13

INITIAL TURBIDITY (PERCENT)

INITIAL TURBIDITY (PERCENT)

vo\Y -
| \
l‘ )
i e
806/0 ‘t \\\
“ \ " ------
\ \A ————————— A .o ’/, -------- A
\ g
\
i
|
|
Pra
60% S e
'\\W,l ﬁﬁﬁﬁﬁﬁﬁ A
40%
M/10 M/I00
NoH,P04. H,0 ®——@ O—O
No3y PO, 12H,0 A= ==—4  X----4
KQHPO4 B—a ===
20% H+H—m—m—r —_——T—
0 P 4 S 8
O A Y S
Flal2
Distilled water
100%

40%1

20%

0%

@——=m 5. 7YPHOSA

A-~-A £ COLI
Q=0 M PYOGENES, VAR AUREUS




Pacheco e M. Dias: Fosfatolise Bateriana - 411

TRANSLATION

Bacteriolytic Action of Phosphates

(Bacterial Phosphatolysis)

In previous papers PACHECO and ABREU (1949) reported the lytic
action of phosphates on certain bacteria, and PACHECO and EcHANIZ (1953)
described the lytic and bactericidal act.vity of Na,HPO,. 2H-O on Salmon-ella

typhosa and Escherichia coli.

In the present paper some experiments conducted in order to observe a
possible difference in the bacteriolytic action of phosphates are described.

MATERIAL AND METHODS

The salts used were NaH.PO, H,O. Na,HPO,. 2H,O. NaPO.,.
12H.O and K;HPO,. H:O, in M/10, M/50, M/100, M/500 and M/1000 or
1:100 and 1:1000 solutions. | | |

The microorganisms used were S. typhosa H901, E. coli and Micrococus
pyogenes, var. aureus, all from our culture collection. They were grown du-
ring 24 hours on agar slants and ‘washed twice in distilled water. Only
some drops of a concentrated suspension were needed to obtain in the phos-
phate solutions an adequate concentration.

The salt solutions were dispensed in 13 x 100 mm Kimble test tubes
matched for use in a Klett-Summerson photoelectric colorimeter. To the
solutions the concentrated suspension of the microorganisms to be tested
was added. The final suspension thus obtained gave a direct reading of 100
or a little more in the Klett-Summerson colorimeter equipped with a green
filter (540 mp.) and using the pure solution of phosphate as the blank. The
readings in the colorimeter were made almost daily and the results recorded
in percent of the initial readings (increasing or decreasing of the opacity).

The tubes were maintained at room temperature and the microorga-
nisms were found to be alive unless otherwise stated. Otherwise the micro-
organisms were killed, or the tubes weere sealed in certain experiments.

RESULTS

Experiments using Na,HPO0,.2H,0 in 1:100 and 1:1000 dilutions and
M. pyogenes and E. coli as test organisms showed that this salt was very
active as a lytic agent against M. pyogenes in the various conditions tested:
sealed and open tubes, 37°C and room temperature, alive and dead micro-
organisms (killed with ether) (Figs. 1 and 2). Against E. coli, in the
same conditions its activity was less intense (Figs. 3 and 4).

Tests with NaH.PO,. H.O in various solutions showed different results
according to the microorganism employed: S. typhosa was lysed in all con-
centrations tested but in a lower intensity than with distilled water (Fig. 5);
E. coli was more intensely lysed in presence of M/10 and M/1000 con-
centrations but less in other concentrations used (Fig. 6); M. pyogenes
was lysed almost in the same grade as in presence of distilled water (Fig. 7).
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In other preliminary experiments, however, the lower concentration
(M/1000) was more active than the stronger concentrations.

The pH of the solutions (measured with glass electrode) were the
following: M/10, 4.5; M/50, 4.75; M/100. 4.92; M/500, 5.07; M/1000,

5.32.

With Na,PO,. 12H;O the results were somewhat different than those
obtained with NaH,PO,.H,O: S. typhosa was lysed a little less than
with distilled water, as occurred with NaH,PO,. H,O (Fig. 8); E. coli,
however, was intensively lysed in all concentrations, the highest concen-
trations being more active (Fig. 9); M. pyogenes var. aureus was com-
pletely lysed in presence of M/500 and M/1000 concentrations (Fig. 10).
The pH of those solutions were the following: M/10, 11.4; M/50, 11.5;
M/100. 11.35; M/500, 9.6; M /1000, 7.43. ‘

In preliminary experiments it was observed that dead microorganisms
were readily lysed in presence of Na,HPO,. 2H,O. Then three phos-
phates were tested, in M/10 and M/100 concentrations (Fig. 11, 12, 13);
the three species of microorganisms were suspended in the phosphates
atter they have been killed with ether (evaporated overnight in an in-
cubator) . In the experiment, alive microorganisms were tested in the pre-
sence of distilled water (Fig. 14). The results showed that Na,PO,.
12H,O in M/100 concentration was the most active lytic solution.

DISCUSSION

Bacterial lysis may be produced by the action of antibodies, ageing
and death of microorganisms as well as chemical or physical agents. The
mechanism of lysis, however. is always represented by rupture of the cell
wall.

The first observation of bacterial lysis by phosphates was made by
Evangelinos and Wohlfeil (1939) with E. coli. They measured the lysis
by the increase of the proteic content of filtrates of suspensions of the
microorganisms in M/15, M/30 and M/60 sodium phosphate. All these
concentrations were active. Proteus bacilli were more lysed in the pre-
sence of lowest concentrations. The lysis was more intense in tempera-
ture ranging from 37°C to 45°C.

Welsch, Salmon and Heusghem (1949) observed that spontaneous
lysis of staphylococci determined by a “staphylolysine” was increased by
the addition of 0.1 per cent potassium phosphate. When all the phospha-
tes were removed from the broth with calcium or barium carbonate the
lysis also occured.

Welsch and Salmon (1949) observed also that K,HPO, activated
fluids completely inactive or less active due to excessive dilution. In the
case of KH,PO, the activity was lower in the same circunstances. Dead
bacteria were lysed like the alive, showing that the fenomenon is different

from that observed by Welsch (1949).

Welsch and Salmon observed yet that staphylococci suspensions
washed three times were almost not lysed, but the addition of 0.1 per cent
K,HPO, determined a rapid lysis which they accounted for an activation
of the lytic principle (“ferment”) by the phosphate, which became needed
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for the bacteriolysis by its “bacteriolytic” ferment. In other side the
washing of the bacterial suspension reduced enormously the lytic action of
its ferment, “reactivated” by phosphate addittion, as refered by Welsch.

The work of Welsch and his coworkers admits the existence of a
bacteriolysine which may be inespecific acording to Smolier (1949) or

specific as admitted by Welsch (1949).

Our results show that phosphates have a lytic activity which is some-
t'mes very intense. Welsch and Salmon observed the influence of phos-
phates upon spontaneous bacterial lysis but the fluid in which the micro-
organisms were suspended always contained phosphates. except in the
work reported with Salmon and Heusghem, when they intended to have
eliminated the phosphates from the medium, but it is possible a previous
intracelular ingress of fosfates before its elimination,

Our observations of bacterial lysis in presence of small amounts of
certain phosphates seem to be of importance because it is a common
observation that bacterial lysis occurs in ageing of broth cultures and it
is known that liquid media have always a certain amount of phosphates.
Mello and coworkers (1951) observed, also, the rapid decrease of the
number of Brucella when microorganisms were suspended in phosphate
buffer. Certain Gram positive cocci are very sensitive to the lysis and it
is common to observe their disappearence in blood cultures in liquid media.

SUMMARY

Bacteria are lysed by phosphates in low concentrations. Differences
were observed in the lytic activity according to the salt, the trivalent salt
being the more active. The lytic action is not always dependent of the
Jiving or dead state of the microorganisms. It seems that this “bacterial
phosphatolysis” is of importance for the preservation of microorganisms
in culture media or in a simple solution containing phosphates.
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