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INTLNSITY OF PROTwIN SYWTilwS1S I4 THi MICROBIAL CLLL AG A
FACTOR DETERIINING THE pFFiCT CF (=OMYCLIN ON 1TSS isTABOLISIH

énFollowing is the translation of an article by

ue. Os Sazykin, Department of Chemotherapy (dead -
Profe A. Me Chernukh), Institute of Pharmacology

and Chemotherapy, AuN, USoR, Moscow, published 1n
the Russian-language periodical Antibiotiki (Anti-
bioticsj 10(6), 1965, f§ges 518-22, It was sub-

mitved on 29 Apr 1964.
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It has been shown that neomycin suppresses the synthesis cof
protein 1n the microblal c¢ell s« ALt the same time 1t 1s lknown
that the antimicrobial activity of streptomycin, neomycin, and
other antlblotics - wator-soluble bases related to the conditional
group of streptomycin-like substsuces - 1s clearly dependent on
the degree of aeration and pH value of the medium, concentration
of saits 1n it, phase of growth of thes culture, etc. In connection
with this there is interest in a study of the influence of such
factors both on the Iintensity of protein synthesis in the microbial
cell and on the inhibition of it by neomycins.

It is also known that tests for studying the effect of strep-
tomycin-like substances on oxidizing procissses often give differ=-
ent results: thne inhibiting action of these antibliotics on respi=-
ration is revealed far lrom always. According to some findings
it is possible to assume that dlsruption of respiration is related
to a number of jindirect manlfestations of tiie influence of neomy=
cins on protein synthesis [:7. In such a case the effectlveness
of neomycins as innlbitors of respiration should depend on the
intensity of protein synthesis in suspensions of non=multiplying
cells used in gasometrlc tests in the Warburg variation. Synthesls
of nroteins in such cells takes place, though on insignificant
scales, due to the stock of free amino acids and may vary to a
certain degree depending on experimental conditions. In this work
an attempt is r~ade to clarify tne conditions undor which the
inhibitiry effect of neomycins on respiration is revealed.

Methods

The investigations were conducted with L. coll strain nNo 645
and preparatlions of colimyclin and mycerin which are put out by the
medical industry. Growtn of the stated strain of L. coll was
suppressed at & concentration of around 5 4g/ml of these antibiotics
in the medium. Since colimycin and mycerii did not differ in
their action of biochemiral porcesses the illustrative material
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Is 1imited to data on colimycin. Gasometric determination was
verformed with the help of the VWarburg; method in a phos,hate buflfer
(#/30, pi 7.,3). into the main arca of the vessels we z2dded 1 ml

of a suspension of cells (3.5 billion/ml), 0.1 ml of & solution

of glucose - up to an end 0,025 i concentration, and Q.1 ml of a
solution of colimycin (or distilled water). For preparation of

the suspension we used cells which were cultivated n msat=peptonse
broth at 37° under various conditions: with shaking for 4 hours

in flasks on a rocking device witn the addition of glucose (0.025 i)
or without the addition and auring cultivation for 18 hours under
stationary conditions in test tubes with a high layer {(arocund 8 cm)
of medium, ie.0., under conditions of very weak aeration,

The method of working with labeled compounds, in particulsar
with S35.methionine, was described in a previcus report /3/. Con-
crete conditions of the tests are given in the explanations toc the
tables.,

Results and Discussion

1. The influence of necmycins on oxidizing processes in cells
which were preliminarily cultivated under various conditlons,

During the testing of the efilect of streptomycin on oxidizing
processes in microorganisms the results obtained by difterent
investigators were often far from being the same even in that case
when the tests were set up with tne same oxidized substrate and
the cells belonged to tne same species. Attempts to explain this
by pecullarities in mamner of oxidetion of metabolites in indi-
vidual strains did not lead to tle establlshment of any jeneral
regularities, As regards the neomycins, tien the degree of tnelr
inhibiting effect on oxidizing processes can also vary strongly.
According to data obtained by us earlier /Z/, suppression of the
oxidation of glucose and other substrates set in under the actlior
of neomycins only in the event tha: the antibiotic and oxidizable
substrate were introduced into the suspension of bacteria simul=-
taneously.

On the basis of the presently established capaclty of neomycins
to rapidly suppress proteln synthesis 127 it is possible to make
the proposal that the inhibiting offect of neomycins on resplration
is not direct and is manifested only in that case when synthesls
! , of resplratory eunzymes takes place in the cell, which 1s fully pos~

sible for the first time after transfer of cells Into a medium

with another oxidizable metabolite or after transformation of the

degree uf aeration of the medium (in the case of fuacultative
: anaerobes). Depending on the conditions of preliminary cultivatiou
| of cells, used then in gasomstric experiments, after transfer into
| vibrating Warburg vessels a greater or lesser synthesis of respl-
ratory systems takes place in then, In =pite of the fact that
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in medis usea for the study of respiration sources of nitrogen
are ususlly lacking, a certuln degree of formation oi c.izymes
can tuks placs here due to the background of free amino acids in
he ¢s8lle The presence in the new medium of an antibiectlic - an
inhibitor of protein synthesis - should suppress the synthesis
of raspiratory enzymes, and in comparison with control celis
lovier the intensity of respiration. This will be stronger, the
greater the new conditions of cultivation differ fram the old.

Table 1

The effect of colimycin on oxidation under similar conditions of
glucose by cells of Lk, coll cultivated under various conditions

@ | OlO™ume

Konyen-
¥oaosun npeasapn- TPaUHR
AR B |t | (Domin
HUA XACTOX ma (» .
NKs/ma) e ——

I
% | 50 w'm 150 | 180

Tips cuasioft  aspa- 0 68|73[74|70( 70} 72
UHH B NPHCYTCTBHH 10 666768 66|65( €8
TAIOKO3L 100 6054504746 46

S

¢ 47159162!60(58| 54
10 |48/43]45)46(48) 43
100 [40(236{32|30129] 28

Tipu cimuod  aspa-
UKH B OTCYTCIBHE
‘TMOKO3N

Iipn cnaGoht aspa- 0 36|46 |54 |67 66| 59
" 1MH B OTCYTCTBHE 10 30(31130(33|33| 36
TAI0KO3N 100 28{24119|17114} 13

(a}
Key: Conditions of preliminary cultivation of cells; {(b) Concen~
tration of colimycin (in ug/ml); (c) Absorption of O (in Ad);
(d) time after onset of count (in min.); (e) During strong ‘aera-
Liva in the presence of glucose; (f) During strong aeration in

the absence of glucose; (g) During weak aeration in the ahsence
of glucose.

It 1s clear from the data in Table 1 that at small concern &=
tions of colimycin the conditions of preliminary cultivation of
the culture determine the degree of its innibiting action on the
absorption of Cn by & suspension of cells during gasometric tests.

It is necossary to note especiall - that everythin stated
concerns the oxidation of metabolite, not related to tnose which
are oxidized by adaptative enzyme systems: in the given case
glucose was used as the oxidizable substrate. Its oxidation, in
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contrast to the oxidation of lactose for example, began immediately,
but a certain intensification of this process took place, and it
turned cut to be expressly sensitive to colimycine If the cells
were preliminarily cultivated during weak aeration (stationary
culture and thick layer of medium) the inhibiting effect of colil-
mycin in a dose of 10 g/ml on these cells, transfsrred to an
aerated medium, was quite great. In the control the absorption

of Op during the first 90 minutes increased noticeably, in vessels
with colimycin this did not take place, i.e., reduced absorption

of 02 was preserved for the entire period of the experim< t.

Increase of 0o absorption was quito weak wnen in the gaso=-
metric tests cells were used which were cultivated earlier under
strong eeration and with glucose in the medium., The effect of
colimycin (10 /tg/nl) turned out to be correspondingly lese
noticeable. Apparently in this case the synthesis of a "supple-
nmentary amount" of respiratory enzymes following transfer from
one medium to another hardly takes place at all and the capacity

of colimycin to suppress protein synthesis turned out to be
unre&lized, '

Thie absence of glucose during grovth in an aerated medium
somewhat increases the difference in absorptlon of O, by the sus-

pension in the beginning and end of the experiment and intensifies
the effect of colimycin.

It is also clear from the data i° Table 1 that a difference
exists in the effect on respiration by colimycin in concentrations
of 10 and 100 4g/ml. The greater concentration of antibiotic
caused a noticeable drop in 0, absorption regardless of che condi~
tions of preliminary cultivatlon ol cells, which 1s (pparently
connected with the cepacity of the antibiotic in high concentrations
to disrupt not only protein synthesis, but also other biochemical
processes.

If an attempt is made to compare che diverse conditions, des-
cribed in the literature, of pasometric experiments which were set
up with streptomycin-like antibiotics, mainly with streptomycin,
then it is possible to note tnat preliminary cultivation of the
culture of bacteria was carried out dift'erentiy: with strony aera-
tion, under stationary conditions - sometimes with a very weak ad-
mission of Op into the medium, finally on solid medium, etc. /2, 4,
8/. All of this is explained to some degree by the fact that
gasometric tests with relatively small concentrations of strepto-
mycin-like substances in various laboratories frequently produced
different results even when the same type of bacteria was used.
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Table 2

Influec.ace of conditions of incubation on the capacity of coli-
mycin to inhibit the incorporation of S®®-methicnine in protein
of non-multiplying cells of k., coli (amino acid and antibiotic
added to the bacterial cells simultaneously)

Yeaosun lﬂ!:.(g'ollll'l URR XoaN- | Yncaw | mre BXAK-
KNETOK C AMTHONOTHKOM MuUHHE [IU(I'!/N“N QeHNA
(3 muxa/ 4} ‘ (v %)

" .

Betpaxubaemasn cpena, 0 885 0
0,.0f M kouuextpa- 10 312 65
WA rA0KO3N 100 149 83

¢ CTPAXIIBAENAR Cpeaa, 0 1 203 0 !
F/IOKO3a OTCYTCTRYyeT 10 14! 30
100 105 49
@Bcrpnnaaeuau cpena, 0 390 0
0.0l M xoxuentpa- 10 242 38
uxA rawkoan, 0,01 M 100 207 45
NCHUGHTPALHS MAAO-
HQTE HATPHA

Craumo  qam cpesa, 0 | 439 0
0.01 M xowuentpa- 10 383 13
aQHR rAIOKOM 100 278 37 i

-
=Craunonapuan cpela, 0 154 0
FAIOKOSE OTCYTCYBYeT 10 141 9
100 1 28

Key: (a) Conditions of incubation of cells with antiblotic;

(b) Concentration of colimycin (in gy/ml); (c) Number, imp/min;
(d) Suppression of incorporation (in %); (o) Vibrating medium,
0,01 i concentration of glucose; (f) Vibrating medium, glucose
absent; (g) Vibrating medium, 0,01l il concentration of glucose,
0.01 M concentration of sodium malonate; (h) Stationary medium,
0,01 M concentration of Zucose; (1) Stationary medium, glucose

absent,
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II. Influence of neomycins on the incorporatlon of amino aclds
in protein under various conditions of incubation of cells

The experiments, tne results of which are clted in this sec-
tion, were set up for tne purpose of clearing up what conditlons
are most favorable for the inhibiting action of neomycins on tne
synthesis of protein in non-multiplying cells. 4 culture of
Iie coll was cultivated in meat-peptone broth under stationary con=- :
ditions., The cells were separated from the medium, washed, and
suspendea in & saline buffer solution as was described earlier /Z/. '
Table 2 reflects the results of experiments on the incorporation oo
of S9Samethionine in the protein fraction of cells of . coli under
various conditions of their incubation with colimycin.

The pgreatest rate of incorporation in the control was observed 1
during strong aeration of the modium and in tne prescnce of a
source of energy - glucose. Under these conditions the suppression
of inccvporation of amino acids by colimycin (in: percentage expres-
sion) was *he highest - colimycin in a dose of 10 A;/ml suppressed
it by 65%, and in a dose of 100 gg/ml - by 83se Botnh factors -
geration and the presence of a source of energy in the medium -
intensify the effect of colimycin.

Reduction of aeration leads to & noticeable supproaslon of
incorporation of amino acid in the control, but does not weaken
residual incorporation in the presence of colimyein (. ono were
to compare conditions I and IV)e. In comparison wiuh conditions
which are mcst faverable for tne synthesis of protuin durln; woak
aeration the amount of label in the test increasea strenyly rela-
tive to the amount of label in the control,

Incubation of cells durin; seration, but in tho absence of a

source of ener;y, also leads to a noticeable weakening of the oflecty
* of colimycin: suppreasion of incorporation Iln & percentéie oxpres-
sion is lowered by approximately 2 times (conditions 1 and 1I).

If the cells Aare .ncubated under the most f orable conditions, i
1.0., during aeration and addition of .lucose to tnem, but nalonic
acid - an inhibitor of the Krcbs' cycle = is introduced into thne
| medium, then apain a rvlative weakening of the action oi colimycln
- on protein synthesls is observed. .alonlc acid disrupts the

aerobic enerygy-ilving reactions and as I1f imitutes in part anae-
robic ~onditions.

i Finally, colimycin has a vory woeuk effoct if weak aeration is
} comtined w.th the ubsence of i1ucose in the medium.

Results of the tests witn labeled methionine, just a&s the
gasometric tosts, show that conditlons which are most favorable
for the synthesis of protein make the effect of colimycin (neomycins)
more not.ceable.
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A wealiening of protein syntnesis in the cell crrrespondingly
reduces the capacity ol neomycins to disrupt viabllity, by stopping
protein synthesis. <This does not mean tnat tne antibiotic effect
of neomycins in the event of very weuk protein synthesis is avsent
completely. 1ln additfion to the rapid inbibition ol protein syn-
thesis, neomycins can cause a slow, but sufficiently clearly ex-
pressed suppression of other processes of metabolisme In contrast |
to the effoct on respiration thelr capacity to dlsrupt these
proce.ses is not connected with the stopping of protein synthesis
in the microbial cell « iHowever, under ordimary condltions
the influence of neomyc ins on the cell is connected directly with
the inhibition of protein synthesis.

Goncl usions

l. The inhibition of the effoct of neomycins on the oxidation
of {lucose by non-multiplying bacterial cells is determined to a
considerable degree by the conditlons of their preliminary culti-
vation. Dependent on tne latter i1s the synthesis of protein (res-
piratory enzymes) during the transfer of cells to a new medium
and correspondingly the effect of neomycins, whigh are inhibitors
of protein synthesgis.

P« Under conditions which are unfavorable for the incorpora-
tion of amino acids in protein in quiescent cells - in the absence
of aeration and a source of eneargy in the medlium, the dirference
between indices of incorporation of labeled metiilonine in the
control and with the addition of neomycins 1s relatively small .
Factors which Intensify the synthesis of protein: acratlion and
the presence of a source of enersy in the mediwn, cause s much
greater divergence between indices of incorporatlion in the to.t
and in the control.

5« Results of gasometric changes and teste with the incorpo-
raticn of labeled precursors in protein shovw that tne degree of .
disruption of blochemical processes in the microbial coll by neo- !
mycins depends mainly on the intensity of flow of protein syntheslis
in 1it.
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