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Experiments on the Activity of Several Extracts from the Larvae
of Galleria mellonella L. on Mycobacterium tuberculosis 607

Badanie aktywnosci réznych wyciagow z larw Galleria mellonella L.
na Mycobacterium tuberculosis 607

MccnenosaHue aKTMBHOCTH Pa3jIMYHBIX 3KCTPaKTOB M3 aumumHok Galleria
mellonella L. na Mycobacterium tuberculosis 607

In 1959 Paszewski demonstrated that an enzyme extract from
the larvae of Galleria mellonella L. sensitized the bacteria to the action
of penicillin and sulphatiazole.

In this investigation were examined the influence of glycerine-,
buffer-, and water-extracts from the larvae of Galleria mellonella L.
on the bacteria in various combinations with and without penicillin.
The bacteria examined were the strain Mycobacterium tuberculosis 607
growing on Sauton’s medium.

The extracts from the larvae of Galleria mellonella L. were obtained
by Willstaetter’s method as modified by A. Lassota (cyt. Pa-
szewski 1959) or Elimer-Stotz. The acetone powder was
then extracted as follows:

a) with glycerine — 1 g acetone powder per 15 ml 60% glycerine,

b) with the buffer — 1 g acetone powder per 15 ml phosphatic

buffer (pH = 7.2, 0.25 M.),

¢) with water — 1 g acetone powder per 15 ml distilled water.

The glycerine, buffer, or water were kept in a refrigerator with
the acetone powder for 12 hours, then filtered through Buchner's filter
and Schott’s Nr. 5, and finally the activity of the extracts in combi-
nations with and without penicillin was tested on Mycobacterium tuber-
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culosis 607. Experiments were also carried out on the enzymatic-
esterase activity of the water-extracts obtained in both the afore-
mentioned ways, by means of titration using ethyl butyrate or acetyl-
choline as substrate. Since the results of these experiments were ne-
gative we supposed that the active substance is not enzymatic. Hence
all the extracts were heated at 100° for 15 minutes.

The tubercle bacteria were treated with glycerine-extract, buffer-
extract and water-extract in the following combinations:

I. 0.5 ml bacterial suspension in saline solution (0.85%/) + 2 ml gly-
cerine-extract of the larvae of Galleria mellonella L., the extract being
heated at 100°C for 15 minutes.

II. 0.5 ml bacterial suspension in saline solution + 2 ml glycerine
extract from the larvae of Galleria mellonella L. — unheated extract.

III. 0.5 ml bacterial suspension in saline solution + 2 ml buffer-
extract from the larvae of Galleria mellonella L., the extract being
heated at 100°C for 15 minutes.

IV. 0.5 ml bacterial suspension in saline solution + 2 ml buffer-
extract from the larvae of Galeria mellonella L. — unheated extract.

V. 0.5 ml bacterial suspension in saline solution + 2 ml water-
extract from the larvae of Galleria mellonella L., the extract being
heated at 100°C for 15 minutes.

Table 1. The action of the glycerine-extract from the larvae of Galleria mello-
nella L. heated at 100°C for 15 minutes and unheated, with penicillin and without,
on Mycobacterium tuberculosis 607

Glycerine—extract
B —a Control
Time of |Heated for 15" at 100°C Unheated
incubation with without with | without with without
penicillin penicillin penicillin penicillin | peniciilin | penicillin
24 hrs. - —+ = -+ +- +
72 hrs. | — -+ — + + 4

Table 2. The action of the buffer-extract (phosphatic buffer of pH = 72) froin
the larvae of Galleria mellonella L. heated at 100°C for 15 mins. and unheated,
with and without penicillin, on Mycobacterium tuberculosis 607

Buffer—extract
5 = — Control
Time of |Heated for 15’ at 100° C Unheated -
incubation | with without with without with | without
peniciilin penicillin penicillin penicillin Ipenicillin penicillin
24 hrs. = + — + + L
72 hrs. = + — + + +
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Tables 3. The action of the water-extracts from the larvae of Galleria mello-
nella L. heated for 15 mins. at 100°C and unheated, with and without penicillin
on Mpycobacterium tuberculosis 607

Water—extract
= ’ o Control
Time of |Heated for 15" at 100° C B Unheated i
incubation with without with without with without
penicillin | penicillin | penicillin | penicillin | penicillin | penicillin
24 hrs. = | 2= \ + | gL +
72 hrs. = + ’ JE l L +

Table 4. The action of the protein fraction obtained from the buffer-extract
from the larvae of Galleria mellonella L. heated for 15 minutes at 100°C, and
unheated, with and without penicillin, on Mycobacterium tuberculosis 607

Protein fraction
= Control
Time of |Heated for 15’ at 100° C Unheated
incubation | with | without with without with | without
penicillin | penicillin penicillin penicillin | penicillin | penicillin

24 hrs. - L - | 1 % 4 +

72 hrs. | + | = + | + _i_
Table 5. The action of the protein — free fraction obtained after the removal

of the protein from the buffer-extract heated for 15 minutes at 100°C and
unheated, with and without penicillin, on Mycobacterium tuberculosis 607

Protein—free fraction
Control
Time of |Heated for 15’ at 100°C Unheated o Dameidie
incubation with without with without with without
penicillin | penicillin penicillin penicillin | penicillin | penicillin
24 hrs. ‘ = | -+ — ! =5 ~L +
72 hrs. | = + - f + + ar

Key to Tables: — inhibition of growth, +
medium + Mycobacterium tuberculosis 607.

growth, control Sauton’s

VI. 0.5 ml bacterial suspension in saline solution + 2 ml of water-
extract from the larvae of Galleria mellonella L. — unheated extract.

VII. For each combination the following control was used: 0.5 ml
bacterial suspension in saline solution.

Test-tubes with cultures II, IV, VI were kept at a temperature
of 4°C. Test-tubes in which the extracts were heated at 100°C for
15 minutes were kept at moom temperature. After 24 and 72 hours
the bacteria were transferred to: a) Sauton’s medium, b) Sauton’s me-
dium with penicillin at a concentration of 10 000 units/1 ml.
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Fig. 1. Action of the buffer extract from the larvae of Galleria mellonella L.

heated and unheated, in combinations with and without penicillin, on Mycobacte-
rium tuberculosis 607

1 — Buffer extract heated (15’ at 100°C.) + Sauton’s medium

Muyco-
bacteriun tuberculosis 607,
2 — Buffer extract, heated, + Sautoa’s medium Mycobacterium tu-
berculosis 607 + penicillin,
3 — Control.

Fig. 2
1 Unheated buffer-extract -+ Sauton’s medium Muycobacterium tu-
berculosis 607,
2 — Unheated buffer-extract Sauton’s medium Mycobacterium tu-
berculosis 607 penicillin,

2 — Control
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Fig. 3. Action of the water-extract, from the larvae of Galleria mellonella L.,
heated, with penicillin and without, on Muycobacterium tuberculosis 697;
1 — Water-extract, heated (15° at 100°C.) + Sauton’s medium + Myco-
bacterium tuberculosis 607,
2 — Water-extract, heated (15" at 100°C.) + Sauton’s medium -+ Myco-
bacterium tuberculosis 607 + penicillin,
3 — Control.

The exreriments were repeated thrice. Five days after the trans-
ference, the cultures of bacteria were examined. The results are given
in Tables 1, 2, and 3 and in Figures 1, 2, and 3.

In order to define the active substance, we divided the buffer-
extract into two fractions, one containing protein and the other not.
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The tubercle bacteria were treated with both fractions and with
penicillin in combinations identical with those given above. The results
are given in Tables 4 and 5.

The glycerine-, water-, and buffer-extracts were also obtained by
Willstaetter’s method but without using low temperatures. The extracts
did not inhibit the growth of the bacteria in combinations with pe-
nicillin.

After the direct action of the penicillin and the extracts from the
larvae of Galleria mellonella L. on the tubercle bacteria in Sauton’s
medium, no inhibition of the growth of Mycobacterium tuberculosis 607
was observed.

DISCUSSION

In the experiments of Paszewski (1959), enzymatic extracts
from the larvae of Galleria mellonella L. obtained by Willstaetter’s
method were used. In them, the enzyme-esterase activity was not
determined.

In the course of the present work we attempted to determine the
enzyme-esterase activity in the ezymatic extracts. Basing ourselves
on the method of Elimer Stotz (1955) — experiments on the esterase
activity by titration — and using ethyl butyrate and acetylcholine as
substrates, we were unable to obtain a greater acidity. Although the
enzyme activity was equal to zero, the extracts from the larvae of
Galleria mellonella L. with penicillin caused restriction in the growth
of Mycobacterium tuberculosis 607.

It appears possible that ethyl butyrate and acetylcholine are not
suitable substrates for the supposed enzyme. We attempted to resolve
our doubts as to the enzymatic nature of the extracts from the larvae
of Galleria mellonella L. by raising the temperature of the extracts
to 100°C and maintaining them at this temperature for 15 minutes.
If the active substance in the extracts obtained were an enzyme, then
after such heating it would very probably give negative results in tests
of its activity upon the tubercle bacilli.

Tables 1, 2, and 3, as also the Figures indicate that the extracts
remained active after heating and gave positive results with Myco-
bacterium tuberculosis 607. These results agree with those given by
T. Valyi-Nagy and co-workers (1954) and by Olivier (1947)
who suppose the biological activity of the extract to be due to the
presence of an antibiotic. In view of this, the results obtained in the
present work may be explained by the synergetic action of the supposed
antibiotic from the larvae of Galleria mellonella L. and penicillin.
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The thermostability of the active principle in the extract from
the larvae of Galleria mellonelle L. leads us to suppose that it is
pointless to maintain low temperatures (essential in the case of an
enzyme) in a preparation of the extract. The extract obtained in con-
ditions of room temperature was, however, inactive. This does not so
much indicate the enzymatic nature of the factor as the supposed
activity of a certain enzyme or the decomposition of the active sub-
stance we are discussing. Therefore, we prepared the extracts main-
taining the temperature at about 0°C.

Since the proto-antibiotic obtained by T. Valyi-Nagy and
co-workers dissolves in water and in view also of the use of a phosphatic
buffer in the preparation of the enzymatic extract by Willstaetter’s
method, we investigated the influence of the water-extract and the
buffer-extract on Mycobacterium tuberculosis 607. Both extracts were
active in various different temperatures. The presence of the active
factor in the phosphatic buffer may be the starting point for further
research on the determination of the optimum pH for this substance.

We began some attempts to establish the nature of the active sub-
stance. In the protein-free fraction we observed the presence of
sugars. A lipid fraction was not considered, since fats were removed
when the acetone powder was obtained. Both the protein fraction and
the protein-free fraction showed activity on Muycobacterium tuber-
culosis 607; and because of insufficiently exact methods of separating
out the protein, we cannot ascribe the presence of the active substance
to either one of the fractions exclusively.

It is very likely that part of the active substance was adsorbed
into the protein removed. The action of this factor lies in the sensitizing
of the tubercle bacilli to the action of penicillin. The results of our
experiments lead us to assume that the active substance is not an
enzyme. The final determination of the nature and mechanism of action
of this active substance requires further research.

CONCLUSIONS

1. An active substance to be found in extracts from the larvae of
Galleria mellonella L. is soluble in phosphatic buffer (pH = 72) in
water, and in glycerine (600/y).

9. Extracts from the larvae of Galleria mellonella L. sensitize
Muycobacterium tuberculosis 607 to the action of penicillin. Our results
agree with those of A. Paszewski (1959).

3. The active substance in these extracts is thermostable,
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4, The water-extracts from the larvae of Galleria mellonella L.
do not give a positive reaction to enzyme-esterase activity.

STRESZCZENIE

Celem pracy bylo zbadanie wplywu wyciggéw glicerynowego, bu-
forowego i wodnego z larw Galleria mellonella L. na Mycobacterium
tuberculosis 607, w kombinacjach z penicyling i bez penicyliny.

Wyciggi otrzymywano metodg Willstaettera i Elimer-
Stotza. Na bakterie dzialano wyciggami ogrzewanymi przez 15 minut
w 100°C oraz wyciggami mieogrzewanymi. Poza tym wycigg buforowy
rozdzielano na frakcje bialtkowg i nie zawierajgcg biatka.

Mycobacterium tuberculosis 607 poddawano dzialaniu obu frakcji,
zar6wno w kombinacjach z penicyling jak i bez penicyliny.

Stwierdzono, ze wyciggi ogrzewane jak i nieogrzewane, oraz frakcja
biatkowa i nie zawierajgca bialek wyciggu buforowego, uczulajg pratki
na dzialanie penicyliny (Tab. 1, 2, 3, 4 i 5, i fotografie).

Czynnik aktywny jest termostabilny, rozpuszczalny w wodzie, bufo-
rze i glicerynie.
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PE3OME

Iiensto pabGorbl 6blI0 M3ydeHue BJIMSHUA TJMLEpPITHOBoro, 6ydep-
HOTO M BOJHOrO 3KCTPaKToB M3 JuumHOK Galleria mellonella L. Ha Ty-
Oepkyse3annle mnasouku (Mycobacterium tuberculosis 607) B kombuua-
UMAX ¢ NEHUUMJIIMHOM M 6e3 neHuUMIJIMHA.

OKCTpaKThl mnoJiydasnuch no Buabsmurerrepy m Oaumep IlTorua. Ha
6akTepuyu nelcTBOBAJM HArpeTbIMM SKCTPAaKTaMM B TedeHue 15 MMHYT
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npu Ttemneparype t—100°C, u 9KcTpakTamMuM He HarpeThbiMu. Kpome
Toro GydepHblit 3KCTPaKT pa3pesiajicAd Ha dppakumy — OeskoByI0 M He
comepxauyio 6enka. TybepkynesHble najnouku (Mycobacterium tuber-
culosis 607) momBepraJmck AencTBUI0O oboux dpakumif, Kak 1 KoMbuHa-
UMAX C MEeHULMJIJIMHOM, TakK u 6e3 Hero.

YcTaHOBJIEHO, 4TO KaK 3KCTpaKTbl HarpeThble, TaK M He Harpertkle,
a Takxe ¢pakuma 6enkoBas u He cofepxaiuas 6GeskoB, IOJIydYeHHbIe
u3 O6ydepHOro SKCTPakTa TaK BJMAIOT Ha NaJIOYKHM, YTO OHM CTAHOBATCA
YyBCTBUTENbHbIMUM Ha HAeNCTBMe neHuumJamMHa Ttaba. 1, 2, 3, 4 un 5,
a takxe doTo.

JHeitcTBylonmin GakTop HABIAETCA TepPMOCTAOUIILHBIM, DPACTBOPAETCS
B BOjme, Oydepe m ramuiepune.
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