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The aim of this study was the investigation of the effects of low intensity electromagnetic
irradiation (EMI) at the frequencies of 51.8 and 53 GHz and of antibiotic ceftazidime on the N,N'-
dicyclohexilcarbodiimide (DCCD) inhibited ATPase activity of membrane vesicles of lactic acid
bacteria Lactobacillus acidophilus grown at low pH (pH 4.0 or 6.5) and assayed at the same pH. It
was shown that both frequencies EMI stimulated ATPase activity of L. acidophilus grown at pH
4.0, but EMI combined with ceftazidime and DCCD decreased ATPase activity at pH 4.0 and pH
6.5. It was suggested that the F(F-ATPase might be a target for EMI even at low pH.

L. acidophilus — low pH — ATPase activity

Whiwwnwuph Lwywwwyu £ nuntduwuhptp gwén nudqunipjwdp, 51.8 W 53 Q3g hwwhiwyw-
Untejwdp  ElGYunpwdwqUhuwywu wihelutbph (EUW) W hwywphninhy gedunwahnhdh wagnbgnientup
gwén pH-nud (pH 4.0 W pH 6.5) wabgpwd Lactobacillus acidophilus YwpUwprJwhU pwyntnphwutph
rWnWURWIRU p2ihluGnh NN=nhghynhtipuhiywppnnhhdhnh (F84%) Ljwndwdp qguintt USdwaquyhu
wywhyntegntup Unyu pH-UGPNY thnpdwpwpwywl (nudnypUubpnud: Snyg £ wpdt, np EUU Gpyne
hwéwhunieniuubpu £ tupwunwd Bu pH 4.0-nud wbbgpwd Lactobacillus  acidophilus  punwlupwhu
paoinhyubph UGbdwquwihu wywnhynieinup, pwyg  EUU-h, gedunwaghnhdh W 284-h gniquygnidp
qquihnnptu dpnd £ UGdD-wquihu wywnhynieiniup gwén pH-nwd: Gupwnnynud £, np - FoF-UGdwagp
Yuwnnn £ EUU phpwhu hwunhuwwy Unijuhuy gwén pH-nud:

L. acidophilus — guép pH — UBSwquypl wlunpu/nipinil

Llensio maHHOM pabOTHI SBHIOCH M3yUCHUE BIHMSHHUS HU3KOMHTCHCHBHBIX JIEKTPOMArHUT-
Heix BodH (OMB) ¢ uwacroramu 51.8 u 53 I'T'y u antubuotuka uedrazumuma xa N,N'-aurm-
knorekcunkapoomuumua (JLKJ) uyBctBuTensHyto ATda3Hyr0 akTUBHOCTb MEMOpaHHBIX Be-
3MKYJI MOJIOUHOKHCIBIX Oaktepuil Lactobacillus acidophilus, Beipamensbix npu wuzkom pH (pH
4.0 1 6.5) 1 B dKCIEPUMEHTAIBHBIX pacTBopax ¢ TeM ke pH. Bpuio mokaszaHo, 4Tto 00e 4acToThI
OMB crumysupyior AT®a3Hy0 aKTHBHOCTh MEMOPaHHBIX BE3HKYJ MOJOYHOKHUCIBIX OakTepuit
L. acidophilus, Beipamennsix mpu pH 4.0, Ho komOuHUpOBaHHOE AeiicTBre nedTazumuma, DMB n
JUK/ 3nauntensHo cHmkaer AT®asHyto aktuBHOCTH mpu oboux pH. Ipeamomaraercs, urto
FoF-AT®a3a sBisercs mumeHbo 1151 OMB naxe npu Huzkom pH.

L. acidophilus — nuskuti pH — AT®asznas axmuernocmo

Lactic acid bacteria, including lactobacilli, are known to be present in different foods
and have an excellent record for safety. They are used as starter cultures in food fermenta-
tion and as probiotics — health - promoting microbes. Intestinal lactobacilli have several

interactions with host organisms and have been linked with numerous health benefits. As
probiotic bacteria, lactic acid bacteria are confronted with several challenges such as acidic
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pH and high bile salt concentration. Lactobacillus acidophilus is one of the widespread
probiotic bacteria, which can overcome acid and bile barrier of stomach and intestine,
respectively, and then beneficially affect host by improving its intestinal microbial balance.

As shown before, the cell membrane multi-subunit F,F;-ATPase, which links the
production of ATP to the proton motive force [1], is an important element in response and to-
lerance to low pH in some bacteria trough the controlling H" concentration between the cell
cytoplasm and external medium [2]. Nowadays in addition to these intestinal unfavorable
conditions there are many physical factors and chemicals which can affect bacteria and lead
to disturbance of their functional activity.

One of the physical factors affecting bacteria is the high frequency electromagnetic irra-
diation (EMI), which is widely used in telecommunication as well as in therapeutic practice,
food and wine preservation; it has different application. In the environment and different
applications, small and very small doses of this EMI at the frequencies of 51.8 and
53 GHz have been determined to affect growth, survival and living properties of different
bacteria, namely Escherichia coli [3-5], Enterococcus hirae [6], and Lactobacillus acidophi-
lus [7]. Among cellular targets for EMI are water molecules, plasma membrane, the N,N'-di-
cyclohexylcarbodiimide (DCCD) sensitive H'-translocating FOF1-ATPase, the main memb-
rane-associated enzyme of bioenergetics relevance, and bacterial genome. These targets are
considered as common ones for EMI effects on bacteria [8-10] but exact primary targets and
detailed mechanisms of the effects are not clear yet. Previously, it has been shown that EMI
at both frequencies affected ATPase activity of L. acidophilus grown at pH 6.5 [10] but
effects on bacteria grown at low pH are unknown.

In this work we investigated ATPase activity of L. acidophilus, irradiated with EMI at
frequencies 51.8 and 53 GHz and in the presence of antibiotic ceftazidime at low pH. The
ATPase activity of the membrane vesicules of Lactobacillus acidophilus was assured in two
cases: when bacteria were grown at pH 4.0 or pH 6.5 but the assayed pH was adjusted to 4.0.

Materials and methods. For all experiments L. acidophilus VKMB-1660 wild type strain
(laboratory stock) was used. The bacterial growth, isolation of membrane vesicles and preparation to
assays as well as irradiation of bacteria with EMI were detailed in previous paper [10].

ATPase activity was determined by amount of liberated inorganic phosphate (Pi) after adding 5
mM ATP by Taussky and Shorr method [12]. The corrections were made for blanks without ATP or
membrane vesicles. Relative ATPase activity was expressed in nmol Pi per mg protein in 1 min. The
assay mixture contains 50 mM Tris-HCI (pH 6.5 and 4.0), 0.4 mM MgSO, and 100 mM KCI1. When it
was necessary, membrane vesicles were pre-incubated with ceftazidime (20 M) or DCCD (0.2 mM)
for 10 min.

Average data from triple measurements were represented with standard errors determined as
before [4,7, 11, 13].

Results and Discussion. 1t was shown previously, that the low intensity, extremely
high frequency EMI suppressed the membrane vesicles overall ATPase activity of L. aci-
dophilus grown at pH 6.5 1.3-fold and 2.6-fold, respectively [10]. The suppression was
more considerable in the presence of DCCD, inhibitor for the FOF1-ATPase (0.1 mM), —
2.18-fold and 4.4-fold, respectively, and when EMI was combined with ceftazidime
(20 uM), the inhibition of ATP-ase activity was much more expressed, especially in the
presence of DCCD- 3.3 fold and 7.5 fold, respectively [10]. Moreover, 51.8 and 53 GHz
EMI had strong antibacterial effects on L. acidophilus and enhanced the effect of ceftazidi-
me on their growth, survival and H" fluxes across the membrane, but it increased DCCD-
inhibited H" efflux. In contrast to this, EMI in combination with ceftazidime decreased
DCCD-sensitive H' effluxes [7].
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Figure 1. The effects of 51.8 and 53 GHz frequencies EMI and DCCD on overall ATPase
activity of L. acidophilus membrane vesicles in presence and absence of ceftazididme (20 uM).
Control was without irradiation; 0.2 mM DCCD was added. pH assay mixture 4.0. pHs
of growth media 4.0 and 6.5. For the others, see “Materials and Methods”.

As shown in fig. 1, EMI at both frequencies mentioned (the flux intensity of
0.06 mW/cm?) stimulated ATPase activity of membrane vesicles from L. acidophilus gro-
wn at pH 4.0 and 6.5 and assayed at pH 4.0. But when bacteria were grown at pH 4.0
ATPase activity was higher on ~47 % than ATPase activity of bacteria which were grown
at pH 6.5 (see fig. 1). When the assayed pH was adjusted to 6.5 (by 0.1 M HCI), EMI at
both frequencies was suppressed ATPase activity of membrane vesicles of L. acidophilus
grown at pH 4.0 in 1.2-1.8 folds (fig. 2) as it was shown before for LAB grown at pH 6.5
[10], but at 53 GHz frequency it inhibited less than when grown at pH 4.0 (see fig. 2). As
at pH 4.0 or pH 6.5 of growth media and upon the assays, DCCD (0.2 mM) inhibited
ATPase activity of membrane vesicles of non-irradiated (control) and irradiated cells and
this inhibition was much more expressed in the presence of antibiotic ceftazidime (20 uM).
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Figure. 2. The effects of 51.8 and 53 GHz frequencies EMI and DCCD on overall ATPase
activity of L. acidophilus membrane vesicles in presence and absence of ceftazididme (20 uM).
pH of assay mixture 6.5, pH of growth medium 4.0. For the others, see legends to Figure 1.

The DCCD-sensitive ATPase activity had been calculated from parallel measu-
rements (tab. 1): a significant decrease in DCCD-inhibited ATPase activity of L. acidophi-
lus membrane vesicles after exposure of bacteria with EMI at the frequencies of 51.8 or 53
GHz was determined in the absence and in the presence of ceftazidime. The DCCD-inhi-
bited ATPase activity was increased, when the assayed pH was adjusted to 4.0 and in the
absence of ceftazidime (tab. 1). However, the combination of EMI and ceftazidime sup-
pressed the DCCD-sensitive ATPase activity.
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Table 1. DCCD-sensitive ATPase activity of L. acidophilus membrane vesicles under
51.8 and 53 GHz frequencies EMI and in the presence of ceftazidime.
pH of growth media 4.0 and 6.5 and assay pH 4.0 and 6.5.

pH of growth medium Assay pH -ceftazidime +ceftazidime
pH 4.0 control pH 6.5 38.0+0.60 19.0+0.81
pH 4.0 +51.8 GHz 50.0+1.00 23.0+0.73
pH 4.0 + 53 GHz 35.0+0.50 25.0+0.90
pH 4.0 control pH 4,0 40.0+0.70 13.0+0.71
pH 4.0 +51.8 GHz 90.0+0.75 20.0+0.64
pH 4.0 + 53 GHz 95.0+0.90 28.0+1.00
pH 6.5 control 19.0+0.50 7.7+ 0.88
pH 6.5+ 51.8 GHz 50.0+0.80 11.0+0.73
pH 6.5 + 53 GHz 53.0+0.92 13.0+0.90

Thus, EMI with extremely high frequency stimulated the DCCD sensitive ATPase
activity of membrane vesicles of L. acidophilus grown at acidic pH. The H" translocating
FoF|-ATPase, a key enzyme of bacterial membrane, might be a target for EMI. Interes-
tingly, it was shown for Lactobacillus casei, that the expression of the H-ATPase coded
gene expression increased along with the increased acidity of incubation: expressions was
increased 3.3-times and 2.8-times at pH 4.0 and pH 5.0, respectively, than at pH 6.5; so
there may be some relationship between H'-ATPase and acid tolerance in L. casei [14].

It should be noted that at a low external pH (< 3.5), L. acidophilus can maintain
cytoplasmic pH at values close to neutral [15]. In 1984, Kobayashi et al. reported that
H'-ATPase content of S. faecalis increased when cells are grown at a pH of less than 8.0 in
the presence of protonophores. To maintain the cytoplasmic pH at 7.6-7.8, cells expel
protons at pH of less than 7.6, and then extrusion diminishes after the cytoplasmic pH
reaches 7.6. It was suggested that this is the reason for the increase in H'-ATPase content
during growth at a low cytoplasmic pH [16].

In summary, in addition to inhibitory effects on L. acidophilus growth and survival
and H' fluxes across the membrane at pH 6.5 [7], EMI at 51.8 and 53 GHz frequencies
enforced the influence of antibiotic ceftazidime on DCCD-inhibited ATP ase activity at
different pHs. But it was of interest that at low pH EMI stimulated the DCCD sensitive
ATPase activity but it’s combination with ceftazidime and DCCD decreased ATPase
activity. These changes allow to suggest that H' translocating FoF; ATPase is a target for
EMI even in low pH.

L. acidophilus is a probiotic strain and the acid tolerance is one of the main charac-
teristics of probiotics, thus, these results could be applied in biotechnology and food in-
dustry.
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