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To investigate the mechanism by which 5-n-alkyl(C~0-Cas)-rcsnrcinols synthesized by certain bacleria of Ihe Azorol~acter genus 
affect the lipid bilaycrs of cclluhtr membranes, planar bimolccular membranes were formed frum these alkyl-rcmrcinols and 
[tom mixtures of those and typical bacterial phosPholipids .such as phnsphatidylcthanolamioc, ph~)sphatidylg[yccrol, and 
diphosphatidylglyccrul. The electrical propcrlics and, in some inslances, the stability of ~hc prepared membranes have been 
studied. The a]kylresorcinols have been found to associate with phospholipids to form otigomeric and polymeric complexes, 
ihercb.~/giving rise to modifications in lhe bilayer structure and properties. It has been shown thai the same o~mlx~unds suppress 
the mitochondria] respiration in the presence of NAD-dcpcndenl substratcs, but they aclivale it if succinate is used as substrale. 
This fact is explained in lerms of the interaction between the alkylresorcinols and membrane phosphol[pids. 

Introduction 

Despite an extremely simple chemical structure the 
bacterial 5-n-alkylrcsoreinols (5-ARs) of type I (Fig. 1) 
ha'~e received widespread attention among researchers 
due to their unusual biological activity and biological 
functions, 5-ARs and their derivatives (il V) have 
been shown to bc the main membrane lipids of the 
metabolically dormant cysts of a Gram-negative, nitro- 
gen-fixing bacterium, Azotobacter rinelandii, whereas 
the vegetative cells fail to synthesize them, the lipid 
fraction of their membranes consisting of phospho- 
lipids typical for Gram-negative bacteria, i.e., largely of 
PE, PG, and DPG {1-4]. 5-ARs become the prednmi. 
nant cell tipids of another representative of the Azow- 
barter genus, Azotobacter chroococt'unt, when lh~ ma- 
inrity of cultivated cells lurn into cysts [5,6]. Recently 
the same rcsorcinol lipids have been isolated from the 
culture medium of a Gram-negative, hydrogen-oxidiz- 
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ing bacterium, Pseudomonas carboxydoflara [7], and 
there is a good reason to suggest that microorganisms 
o, various taxa would produce 5-ARs as cxtracellular 
metabolitcs [8], Similar compounds have bcen found in 
higher plants (~ec, for c:~ample, Refs. 9-13), ftowever, 
the plant alkylresoreinel fractions differ from the bac- 
(eriat ones in ccmtainlng considerable amounts (some- 
times more than 70%) of unsaturated, maint'/ mo- 
necnic, species, In addition, the hydrocarbon chains of 
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plant S-ARs vary in length within a much wider range, 
from II to 27 carbon atoms. information about the 
biological activity and membranemodulating proper- 
tics of the plant rerorcinol lipids is available in Rcfs. 
14-IY and the publications cited therein. 

The baclcrial 5-ARs exhibit antioxidant properties 
and, when incorporated into biomcmbranes, make the 
latter more resistant to peroxidation [20]. It has been 
found [7,21-241 that 5ARs (rcfcrtcd to as ‘factor d,’ 
in the communications cited) can suppress the respira- 
tion of vegetative bacterial cells and thus induce their 
transition into a hypomctabolic or anabiotic state Ac- 
cording to the available information (25,261, this cffccr 
mai be attributed to the association of 5-ARs with ihc 
membrane phospholipids through hydrogen bonds, 
which results in disturbing the lipid bilaycr and deacti- 
vating the membrane-bound respiratoty enzymes. 
Probability of this kind of association was confirmed by 
Kaprelyants et al. 124, who investigated certain phys- 
cdl properties of monolayers and lipusomes formed 
front a mixture of synthetic S-n-decyl-resorcinol and 
DPG as well as from a mixture of the former and the 
total cell lipid of ~Wcrucoccrrs !ysudeikticus. 

In this paper, the data on the interactions occurring 
in planar ELMS between the bacterial S-ARs and the 
phospholipids (PE, PC, DPG) common to the mem- 
branes of Gram-negative bacteria, including the Azoro- 
/tocrer genus, are presented, The BLMs were formed 
eirhcr from 5-ARs alone, or from mixtures of 5-ARs 
and one or two of the above mentioned phospholipids 
which varied in ratios of their constitucots. The electri- 
cal conductivity measurements cdrricd out with these 
BLMs definitely indicated the existence of lipid associ- 
ation caused by the presence of S-ARs. This fact was 
confirmed in measuring the lifetitne of the BLMs 
formed from mixtures of PE and 5-ARs. These findings 
as well as the aforecited data made it interesting for us 
to find out whether 5-ARs will affect the mitochondrial 
respiration in the same way as tllcy affect the respirr- 
tion of bacterial cells. Relevant experiments revealed a 
pronounced inhihitoly effect, when NAD-dependent 
substrates WFX used, as well as a certain respiration- 
stimulating effect when succinatc was used as sub- 
strate. 

Materials and Melhods 

Lipitfs. A fraction of S-ARs (1) was isolated from A. 
ckroucoccun~ Y2 as described previuusly [S]. The frac- 
tion consisted of the homologues (see Fig. t] with 
J: = 16 (30 mot%). Jr = 18 (64 mol%), II = 20 (4 mol%), 
til,d n = 22 (2 mol%); foreign substances (largely neu- 
tral glycerides] accounted for about 0.5% of hc total 
fraction. 

For the preparation of M-S-ARs (Fig. I, VI), a 
solution of 5% 5.ARs in ether was treated with excess 

cthcreni diazomcthane for 2 h at ZO’C. The resultant 
mixture of rnonu 2nd di-(?-methyl derivatives (the 
molar ratio is approximately 2: 1) was separated by 
column chromatography on silica gel L-100/140 

(Lachema, Czechoslovakia). For elution, a mixture of 
tt-hcxanc and ether was employed, with the content of 
the latter gradually increasing from 10 to 50 vol%. The 
structure of M+ARs WI] was confirmed by ‘H.NMR 
and mass spectra. Homologous composition of the 
product dbtained was essentially identical with that of 
the parent S-AR fraction as found by GGMS. 

The aforemcntioncd k. ~Aroucoccurn strain was 
used also for obtaining PE. The method previously 
proposed for isolating PE from actinomycetes [27] was 
employed for this purpose. Egg yolk PE and bovine 
heart DPG were isolated by routine techniques [27]. 
PC was prepared by means of phospholipase D-cata- 
lyzed trans.esterificatior; of egg yolk phosphatidyl- 
choline 1271. The fatty acid composition of phospho- 
lipids used in the present study are summarized in 
Table I. 

Ofltcr cl~uicufr. Glutamate, u+oxog,lutarate, pyru- 
vate, and EGTA were purchased from Serva; malate 
and Tris were from Fluka and Sigma, respectively. 
ADP :vas obtained from Reanal (Hungary). All other 
chemicals were of highest pure grade. 

BLMs. BLMs were formed from n-heptane solutions 
of either individual lipids or lipid mixtures (IO-20 
mg/ml) in an aqueous medium containing 10 mM 
Tris-HCI and 150 mM KCI by applying a lipid salution 
on a 1.5 mm diameter halt in a Teflon beaker. The 
membranes were observed with a microscope under 
reflected light, the diameter of the black area bcmg 
measured with an eyepiece micrometer. The physical 
parameters of the BLM prepared from 5.ARs were 
determined at pH 8.0 k 0.1; the parameters of the 
BLMs formed from mixtures of lipids were determined 
at pH 7,2 f 0.1. All the measurements were made at 
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~°C. Ag/AgCl electrodes were used to stud, the 
electrical properties of BLMz.. 

For determining the c;eetrical conductivity of a 
BLM, transmembrane current was measured under a 
constant ~ransmembrane potential with the use of a 
Model U 1-6 electrometer amplifier (USSR) and a 
Model KSP-4 potentiometer (USSR). Breakdown volt- 
age was measured with a Model pH-673 M pFI-meter 
miilivoltmcter (USSR) 5 s after the black membrane 
formation; the voltage applied to the membrane was 
gradually increased until it ruptured. The BLM capaci- 
tance was measured with a MIE-0.2 alternating current 
bridge (USSR). 

The average values of the conductance, specific ca- 
pacitance, breakdown voltage, and lifetime of BLMs 
are given below. Each of these average values was 
derived from at least twen~ measurements. The stan- 
dard error did not exceed 10%. 

Mitochondria, Mitoehondria were isolated from the 
livers of adult male Wistar rats following the previously 
described procedure [28], with a buffer containing 10 
mM Tris-HCl, 0.5 mM EGTA, and 0.3 M sucrose (pH 
73). The mitochondria were washed in a buffer con- 
taining t0 mM Tris-HCl and 0.3 M sucrose I, pH 7.5), 
then resuspended in the same buffer (80-100 mg pro- 
tein/ml), and the suspension was stored in a sealed 
glass test tube; the storage time did not exceed 4 h. 
The protein content of the mitochondria preparation 
was determined according to Lowry et al. [29]. Mito- 
ehondrial respiration was followed polarographically at 
25°C with the use of a closed thermostated 1 ml cell 
equipped with a magnetic stirrer. A medium of 50 mM 
KCI, 3 mM KH2FO 4, l0 mM Tfis-r:lCl, and 150 mM 
sucrose (pH 7.5) was used for incubation. 

ADP up to 1 raM, 40-100 #[ of the mitochondria 
suspension and a substrate were added to the incuba- 
tion medium placed in the polarographic cell. The 
concentrations of snbstrates are given in the legend to 
Fig. 8. DNP up to 0.2 mM was added to the incubation 
medium in exper[mcnls with uncoupled respiration. 
5-ARs and their derivatives were dissolved ia ethanol 
at a concentration of 6-8 mg/ml, and the solutions 
were brought into the cell in 10-20 #1 portions. 

Results and Discussion 

Mtera  solution of 5-Ags in n-heptane had been 
applied to the hole in a Tel[on beaker, a coloured film 
was observed. Within 2-3 rain a black area appeared 
on *hi: film, indicating that a BLM was formed. The 
lifetime of this BLM depended on pH of the aqueous 
medium (Fig. 2). The BLM was unstable at pH ~ 7 
and, at most, existed for 5 rain. However, at pH > 7 its 
stability increased sharply with an increase of the 
medium pH. At pH ~ 9, only a thick stable eoloured 
film was observed in the hole and this film did not 
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Fig, 2. pH dependence el" Ihc lifetime of BLMs formed from 5-Ans. 

convert into a BLM. Under the conditions employed in 
the present study for determining the physical parame- 
ters of alk,/[resordnol BLM, i.e. at pH 8,0 + 0.1, the 
average lifetime was 31) rain, which was sufficient for 
accomplishing all the necessary measurements. In some 
cases the BLM remained intact for more than 1 h, The 
found value of specific capacitance of the membrane 
(0.50 + 0.03 ~F/cm 2) confirmed its bimoleeular struc- 
ture since for the BLMs made frora lipids of various 
classes with the use of n.heptane or n-decane as 
solvent, the same parameter ranges from 0.35 to 0.60 
#F/cm z [30]. Thus, it is probable that, in principle, 
5-ARs are able to form a bilayer in the azotobaeter 
cysts where the phospholipids peculiar for vegetative 
celt membranes are present, if any, only as traces (ef, 
Ref. 4). 

In the experiments carried out with the alkylresorci- 
nol BLMs, the value of their specific resistance varied 
from 2,106 to 4,107 Ohm/era z and was within the 
limits characteristic for the BLMs formed from 
widespread phospholipids and glycolipids [31]. Hence, 
there is no reason to assume that the abovementioned 
transformation of the lipid composition of the azoto- 
barter cetl membranes occurring upon encysting would 
have any appreciable effect on the ion permeability of 
these membranes. The same conclusion has been drawn 
from the data obtained on measuring the breakdown 
voltage for the BLMs formed from both the individual 
5-AILs fraction and mixtures of the latter and PE, the 
predominant phospholipid of the vegetative azotnhac- 
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Fig. 3, The conductance and lifetime of BLMs formed from mixtures 
of 5-ARs (M-S-ARs) and PE as a function of the molar percentage 
of 5-ARs (M-S-ARs) in the parent lipid mktur¢ A to), the conduc- 
tance of BLMs formed from mixtures of 5-ARs and bacterial PE; B 
(e, inlerrupted c'up~e; ~he ordinate on the ri~ht-hand side}, the 
lifetime of ELMs formed from mixtures of S.ARs and bacterial PE; 
C (n), the conductance of BLMs formed from mixtures of M-$.ARs 
and bacterial PE: D (~,), the conductance of BLMs formed from 
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ter cell. With the 5-ARs content increasing frcra 0 te 
100%, the parameter value varied negligibly (from 240 
to 230 mV) and was in conformity with the values 
(150-300 mV) reported earlier for various BLMs 131]. 

The conductance and lifetime of the BLMs formed 
from mixtures of 5lARS and PE are of particular 
interest because of their prone.need dependence on 
the molar ratio of these components (Fig. 3) *. As the 
molar content of 5-ARs increased from 0 to 50 real%, 
the conductance of the I~LMs was rising. Further en- 
richment of the mixture in these components, at first, 
caused a decrease and then an increase of the parame- 
ter value. Accordingly, Curve A (Fig. 3), demonstrating 
these variations, has a maximum a~d a minimum corre- 
sponding to the molar ratio of 5-ARs to PE of i : 1 and 
2:1, respectively. The incorporation of 5-ARs into a 
PE bilayer contributed to its stability (Fig. 3, Curve B), 
increasing the lifefime to a maximum at the molar ratio 
of 5-ARs to PE of about 2:1 and then decreased. It 
should he noted that on the ascending part of Curve B 

~' In ~his paper, the 'average molecular mass' of a lipid fraction 
calculaeed on the basis of the data on the homologous ~mpasition 
o1" this fraction implies the molecular mass of u lipid, 

a bond point is seen which corresponds to the ¢quimo- 
lar mixture of the lipids, that is, this point and the 
maximum of Cttrvo A take the same position relative to 
the composition of tire parent lipid mixture. 

The findings described evidently show that 5.ARs 
and PE, when present together in a BLM, are not inert 
to each other and enter into interaction, This conclu- 
sion is consistent with the observations made by other 
authors [19,26], regarding tile behaviour of i~ia(¢d 
lip[ds in monolayers and liposomes. The interaction 
between 5-ARs and phospholipids (in this ease PE) is 
likely to involve the formation of h~drogen bonds, 
which correlates with the suggestion of the authors of 
the communications cited. Since a 5-AR molecule has 
two free hydroxTl groups capable of forming inter. 
molecular hydrogen bonds, this molecule is able to 
associate with one or two PE molecules (or a similar 
phospholipid). Therefore, it is reason:~le to suppose 
that di- and trilmoleeular complexes (Fig. 4(a)) occur in 
the BLM prepared from mixtures of ~hese lipids with 
low concentrations of 5-ARs, A gradual increase in the 
5-ARs molar proportion should result in the appear. 
anc~ of oligomedc complexes which will extend in size, 
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Fig, 4, SchematJzed hypothetical struclure~ of the 5.AR.phospho. 
lipid associates occurnr,g in ELMs (see the exp]analion in the text). 
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When the equimolar ratio of the components is 
reached, polymeric chains resembling those presumed 
by Kaprelyants el at. [26] are likely to be formed (Fig. 
4(b)). The associates (a) and (b) appear to be too labile 
to affect significantly the stability of the membrane. 
Meanwhile, the presence of 5-ARs in the BLMs loosens 
their hydropboble re#ons (of. Re['. 4L resulting in a 
certain increase of the BLM conductance. With a fur- 
ther increase of the 5-ARs proportion in the lipid 
mixture, their molecules may link to the PE molecules 
involved ~n the polymeric chains (b) and 'bridge' the 
latter. As a result, these chains and the membrane as a 
whole become more stable, At the molar ratio of 
5.ARs to PE of about 2:1, a polymeric network pre- 
sented ~hematically in Fig. 4(e) is likely to arise. It is 
obvious that the lifelime of this structure should be the 
longest; on the other hand, its conductance must be 
the lowest as compared with the other patterns consid- 
ered (Figs. 4(a), (b)). 

As seen from Curves A and B in Fig. 3, further 
addition of 5-ARs to the lipid mixture decreases the 
BLM lifetime and increases the conductance. An ex- 
planation of this fact may be the following: a PE 
molecule is able to directly associate with four 5-AR 
molecules at most (see below) and the presence o[ 
"excessive" 5-AR molecules in the bilayer prevents from 
the formation of a regular polymeric network i!ius- 
trated in Fig. 4(e). l! should be noted that the forma- 
tion of the above associates (a), (b) and (c) due to the 
hydrogen bonds of phenolic hydro~l groups is favoured 
by the chemical structure of 5-ARs: 1,3,5-substitu:ion 
in the benzene nucleus minimizes the steric hindrance 
from the association of a 5-AR moieeule with two 
phospholipid molecules. 

To ascertain indirectly whether the proposed type of 
J~olymerlc association may take place, the conductance 
of the BLMs made from mixtur.es of PE isolated from 
A_ chroococeum and M-5-ARs (Fig. I. Vl) was mea, 
sured. The M-5-AR molecule has only one hydroxyl 
group and, consequently, it fails to play the role of a 
linking unit in a polymeric structure. The results of the 
measurements are given in Fig. 3 (Curve C). It can be 
seen thai the conductance increases gradually with 
increasing the M-5-ARs content of the parent lipid 
mixture and the corresponding curve has neither ex. 
tremcs nor bends. Thus, it tollows that the appearance 
of the associates (a)-(c), depicted in Fig. 4, in the 
bilayer seems to be quite possible. 

It is of interest to consider in detail how Ihe conduc- 
tance described by Curve C (Fig. 3) tends to change. 
With increasing the molar concentration of M-5-ARs 
in the lipid mixture from 0 to 80%, that is, until the 
molar ratio of M-5-ARs to PE is approximately 4:1, 
the conductance changes slightly, but a further in- 
crease in the M-5-ARs content sharply raises the con- 
ductance, This fact may be explained as follows: a 

M-5-ARs molecule having a flee hydro~l group re- 
tains the ability to associate with PE to form two-, 
three-, four-, and five-molecular complexes, i.e., PE. 
(M-5-AR), PE'(M-5-AR) 2, PE-(M-5-AR)~ and PE' 
(M-5*AR)~. Associated in such a manner the molecules 
of M-5-ARs appear to loosen the hydrophobic region 
of the membrane to a relatively sma[I degree, if the 
lipid mixture contains more than four molecules of 
M-5-ARs per PE molecule, the 'excess' molecules of 
the former either associate into separate oligomerie 
structures, or !ink to the molecules of M-5-ARs in- 
volved in the mentioned PE.(M-5-AR) 4 complexes, in 
any ease the hydrophobic region of the BLMs is loos- 
ened to a great extent, which is followed by an abrupt 
rise of the conductance. At this point, a certain resem- 
blance to the trends in the conductance changes of the 
above discussed BLMs formed from PE/5-ARs mix- 
lures is observed, namely, in both cases the conduc- 
tance starts to increase just when a PE molecule be- 
comes surrounded by more than four molecules of the 
rcsoreinolic [ipids. 

To assess the influence of fatty acyl slrueture,~ on 
the interaction between PE and 5-ARs, rite conduc- 
tance of the BLMs formed from mixtures of 5-ARs ,rod 
the egg yolk PE was measured. Unlike the bacterial 
PE, the PE of egg yolk is much more unsaturated and 
=ontains, in particular, di. and tetraenoic fatty acyl 
residues {see TaMe D. As would be expected [32], the 
conductance of the BLM made from this PE proved to 
be much higher than that m' the BLM formed from the 
bacterial PE. Curve D in Fig, 3 shows the dependence 
of the conductance of the BLMs prepared from the 
mentioned mixtures on the 5-ARs content. In this case 
the effect of 5-ARs manifests itself in decreasing the 
BLM conductance as their concentration increases. 
Nevertheless, the lowest conductance was again 
recorded at a 5-ARs/PE ratio close to 2: 1. Hence, the 
structuring of a bilayer resulting in its decreasing con- 
ductance is due solely to the interaction of polar groups 
of lipid molecules. 

PC; is the second major membrane lipid in the 
vegetative cells of Azotobaaer. It accounts for 14% of 
the total membrane lipids in A. vindandii [41 (which is 
approximately the same as in A. chroococcum). There- 
fore, the interrelation between PG and 5-ARs in a 
bilayer is of certain interest. Contrary to the molecule 
of PE, that of PG has two free hydroxyl groups, due to 
which the PG molecules are able to associate with each 
other through hydrogen bonds and are likely to form 
linear polymeric chains schematically presented in Fig. 
4(d), The measurements of the conductance of the 
BLMs ma0e from PG/f-ARs mixtures revealed that 
the value of this parameter diminished with an in- 
crease of the 5.ARs molar content, became minimal at 
cquimolar amounts of the components and finally rose 
with a further increase of the 5-ARs concentration in 
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the lipid mixture (FIB. 5, Curve A). By analogy with the 
above discussed features of the BLMs formed from 
5.ARs/PE.mixtures, the conclusion suggests itself that 
the minimal conductance corresponds to the formation 
of a polymeric network in the bi[ayer (Fig~ 4(e)). This 
type of structure may result from 'bridging' the linear 
chains (d) by the molecules of 5-ARs. Apparently, this 
structure hinders the ion current to the greatest extent. 
Incorporated into the lipid mixture, the additional 
amount of 5-ARs would impede the formation of the 
regular polymeric associate and thus would giw rise to 
increasing conductance. 

In order to assess the ~.aequacy of the above de- 
scribed molecular interaetiona the conductance of the 
BLMs formed from PG/M-5-ARs mixtures was men. 
sured. As shown by Curve B (Fig. 5), the conductance 
gradually increases as the molar proportion of M-5.ARs 
increases, :he conductance changing only to a small 
extent until the molar ratio of M-5-ARs to PC] reached 
about 4:1 (80 reel% M-5-ARs), and then abruptly 
increasing, In other words, a complete analogy with the 
BLMs formed from M-5-ARs/PE mixtures was ob- 
served in this case. Thus, the occurrence of the regular 
polymeric network (e) (Fig. 4) in the bUayer is quite 
possible. 

The results of the present investigation lead to the 
assumption that 5-ARs occurring in the membrane 
during encysting in the Azotobacter cells interact with 
the two major lipids (PE and PG) and, as a result, 
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Fig, 5, The conductance of BLMs formed from mixlures of 5-AP-.,~ 
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Fig. 6. The conductance of BLMs I'ormcd from mixtures of 5-ARs, 
I~G and bacterial PE as a function of lhn molar p,'rcenlage or' 5-AKs 
in the patent lipid mixture, Thu molar ratio of rE/PG is conslan! 

as 8D: 14. 

modi~ the structure and properties of the membrane. 
To elucidate the general features of these interactions, 
BLMs were used to model the process of variation in 
the lipid composition of the cell membrane. The initial 
phczpholipid bilayc~ was formed from the mixture of 
IPG and the bacterial PE with the molar ratio of 14:80, 
since the latter' coincides with the ratio of these phos- 
pho]ipids in the cell membrane of A. t~inetandii [4]. 
The conductance of the BLMs formed from this mix- 
ture with incorporation of various amounts of 5-ARs 
was measured. The dependence of the found conduc- 
tance on the 5-ARs concentration is shown in Fig. ft. 
The comparison of this curve with Curve A in Fig, 3 
shows that the conductance variation pattern in the 
experiment under discussion and in the case with BLMs 
made from PE and 5-ARs is similar, Consequently, the 
observed variatic)ns in the conductance of the three- 
component BLMs are set by the interaction between 
5-Ags and PE. However, this may be determined by 
the substantial predominance of PE over PG in the 
bilayers. 

Both PO and 5-Ags have two free hydroxyl groups 
and, therefore, they could exhibit, in principle, a simi- 
lar structure-forming ability, The measurements of the 
dependence of the conductance of the BLMs formed 
from PG/PE mixtures on the ratio of the components 
demonstrated certain interaction between these phos- 
pholipids. However, the effect of the interaction was 
exhibited to a rather weaker degree as compared with 
the cases where BLMs contain 5.ARs. The minimal 
conductance was recorded at the molar ratio of PE to 
PG in the parent lipid mixture as about 3:2, bat a 



230 

a~  

~b 

~ '  2c 

g~ 

O 

0 20  '¢O 6 0  O0 t 0 0  

Mole~/i 5-AR$. 

Fig. 7, The cortductance of BLMs fanned from mix(ures of 5-ARs 
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parent lipid mixture. 

distinct extreme was not observed. This fact empha- 
sizes that the unique chemical structure of 5-,\Rs as a 
membrane lipid is related to their peculiar function in 
bacterial cells under unfavourablc conditions. 

DPG is a minor lipid of the vegetative ceils of A. 
cinelandii [4] and A, chroococcum (2-4% of the total 
cell lipids). Nevertheless, the interaction between DPG 
and 5-ARs in a lipid bilayer is of special interest since 
DPG ranks among dominant lipids in the microorgan- 
isms which have been shown to be ~ensitive to 5,ARs 
[8]. The BLMs formed from an individual DPG frac- 
tion were unstable. However, it proved to he possible 
to form relatively stable BLMs from mixtures of DPG 
and 5-ARs. Investigation of the dependence of conduc- 
tance of the BLMs made from these mixtures on the 
content of 5-ARs in the parent lipid mixture showed a 
picture different from those considered above. With an 
increase of the moIar proportion of 5-ARs, the conduc- 
tance of the 8LMs reached a minimum at the molar 
ratio of 5-ARs to DPG of 4:1, and then rose as the 
5-ARs content of the lipid mixture increased further 
(Fig. 7). 

By analogy with the BLMs described, the minimal 
conductance can be attributed supposingly to the for- 
mation of a regular polymeric network in the bilayer. 
Since a DPG molecule contains two residues of phos- 
phatidic acid, it can be represented formally as a 
double phospholipid one. In order for the polymeric 
r, etwork associate to be formed from 5-ARs and DPG, 
the molar ratio of the constituents should be 4:1 
rather than 2: i as it is in the case of the 5-ARs/PE 

bilayer. In such a network, each DPG molecule is 
apparently surrounded by eight molecules of 5-ARs as 
shown schematically in Fig. 4(0. The formation of 
homogeneous oligomeric or polymeric chains consist- 
ing of DPG molecules and similar to the PG associates 
(Fig. 4(d)) seems to be quite unlikely for the following 
reasons. The DPG molecu]e has only one free hydroxyl 
group which is sterically hindered by two phosphatidyl 
residues and, mOI'CO'VC L located in between two an- 
ionic orthophosphate groups which create electrostatic 
hindrance from association. 

All the above discussed results concern the interac- 
tions of 5-ARs and the main phosphoHpids of bacterial 
cell membranes. However, similar interactions are cer- 
tain to occur in bilayers formed from 5-ARs mixed with 
phosphatidyicholine, phosphatidylserine or other phos- 
pholipids characteristic of other biomembranes, be. 
cause all these phospholipids differ only in the struc- 
ture of the polar group linked to the orthophosphate 
residue. The aforesaid is in agreement with the data 
reported by Kozubek et al. [19]. The authors revealed 
the ordering effect of 5-nonadccyl- and 5-nonadecenyl 
resorcinols isolated from rye grain, when these com- 
pounds were incorporated into the membranes of ery. 
throcytes and d[myfistoylphosphatidylcholine lipo- 
sprees. This effect is also attributed to the associa~'!on 
of the resorcinolic lipids with the membrane [ipids, 
According to the authors, this association is realized 
through hydrogen bonds.' 

The results of the present study show that the 
variations caused by 5-ARs in the conductance of BLMs 
are relatively not large. The appearance of these com- 
pounds in a bacterial membrane seems to affect its ion 
permeability only scarcely. On the othez hand, the 
structural modifications produced by 5-ARs in the lipid 
bilayer of the membrane are most likely to affect 
critically the activity of the membrane-bound enz~pnes, 
induding the re~piratoqt ones. In the Introduction, the 
communications concerning the inhibitory effect of 
alkylresorcinols on the respiration of bacteria have 
been cited. In this connection and following the resulls 
described herein we raised the question whether the 
respiration of mitochoadria is sensitive co the presence 
of 5-ARs. 

Relevant experime~,ts were carried out with rat liver 
mitoehondria. Glutamate, a-oxoglutarate, malate, 
pyruvate (NAD.dependent substrates), and succinate 
were used as substratcs. DNP served as uncoupler. The 
mitochondrial preparations showed the respiratory 
control index (~/V4) in the range from 3.3 to 4.5 and 
the uncoupled respiration index (VoNp/V,O in the range 
from 3.4 to 6.1. In the experiments with uncoupled 
respiration, the oxygen consumption was 85 5:15 nmol 
O per mg protein per rain with succinate as a suhstrate, 
and it was 49 + 9 nmol O per mg protein per rain when 
the NAD-dcpendent substrates were used. 
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The measurements of the rate of uncaupled mito- 
chondrial respiration in the presence of NAD-depcn- 
drnt substrates at various concentrations of S-ARs in 
the incubation medium exhibited unambiguously the 
inhibitory effect of these lipids, the evident corrclaiion 
being obseruzd between the degree of inhibition and 
the quantitative ratio of 5-ARs and mitochondrial pro- 
tcin (Fig. 81, When 0.X-Il.22 mg of 5-ARs per mg of 
yroicin were added to mitachondria, the respiration 
rate decreased by 90-95%. Since 5-ARs were applied 
to a polarographic cell as a solution in ethanol. the 
effect of this solvent on uncoupled respiration was 
estimated. It was found that ethanol, even being pre- 
sent in the incubation medium at 6% conccntralion 
(this exceeded more than twice Ihc concentration of 
ethanol which was present upon addition of a maximal 
amount af SsARs). rcrarded the respiration by not 
more than 40%. 

With uncoupled respiration, the presence of 5-ARs 
accelerated the oxidation of succinate to some extent 
(Fig. 8). The addition of ethanol to the mitochondrial 
suspension in the same amount which was added with 
5-ARs, markedly inhibited the oxidation of succinate, 
i.e., in this case the stimulatory effect of 5-ARs was 
masked in part by the action of alcohol, The examina- 

tion of the effect of 5ARs on mitochondrial respirP- 
Lion in the absence of uncoupler tDNP) brought out a 
pattern similar to thar described above, namely, a 
ccrlain accclcwtiun of the oxidation of succinatc ;and 
retardation of that of the NAD-dependent substrates 
were observed. 

Taken at the same COnCCn~rdtiOnS, M+ARs did not 
affect lhe oxidation of all the aforcmcntioncd sub- 
strates both in the prcscncc and the ahscnce of DNP. 
This suggests that S-ARs affect the mitochondrial res- 
piration [as well as the respiration of bacterial cells) 
and the prupertics of phospholipid bilayers by identical 
mechanisms which consists in associating with the 
moIccu::q of membrane lipids and, consequently, mod, 
i;y;ag the memhrdnc struclurc. It is worth adding that 
2-Ca-1~-talop~;~nosyl-S-ARs (Fig. I. VII), a minor lipid 
component of A. r!iroocuccf~nr YZ [X], also had no 
effect on the mitochondrial respiration. The inertnesx 
of this natural dcrivativc of SdRs is thought to bc 
caused by the polyhydroxylatcd bulky C-plycosidic 
residue located in clnsc proximity to the phenolic hy- 
droxyls. Therefore, thcsc hydroxylcs arc stcrically hin- 
dered and, furthermore. may be involved in intra- 
molecular hydrogen bonds to a great extent. 

The molecules of 5-ARs arc quite simple as to their 
chcmjcal structure. However. they po.ssCss all the struc- 
tural features needed for functioning as a regulator of 
the mcmbranc structure. Their long hydrocarbon chains 
enhhle them to he involved in lipid bilayers or cell 
mcmbrancs lscc [IYJII]) as well as to form a bilayer; 
the phenolic hydroxyls of their polar heads allow the 
associarion with two phospholipid molecules in the 
membrane: the location of the long&ajn alkyl residue 
at C-S and the absence of substitucnts .?t C-2. C-4 and 
C-h of the benzene ring provide the most favorable 
condhions for this association. 

In conclusion, it is worthwhile to touch upon the 
possible role of 5uARs in the Arorohocrer cells during 
cncystment. Reusch and Sadoff [4] wcrc the first to 
cstahlish that the membrane lipid hilayer in the cysts of 
these bacteria consists mainly of S-ARs, their deriva- 
tives (Fig. I, II-V) and h.alkyl(C,,-CI~)-4-hydroxy- 
pyran-2.ones. These authors have also shown that this 
bilayer, being highly hydrophobic, is able to protect the 
cys::’ more cfficicntly than the phospholipid bilayers 
do, The results of the present study and the data 
reported by other investigators [7,.2X&] lead to the 
assumption that the role of 5.ARs is not limited by 
their function as a barrier. Being the first among the 
specific lipids which are synthesized in the process of 
cell cncysting, 5-ARs are able to inhibit the mem- 
brane-bound cnqmes, including the respiratory en- 
zymes, and IO suppress the metabolic activity of the 
bacterial cell. Moreover, the antioxidant properties of 
S-ARs [Xl] seem to he of considcrabtc importance for 
protecting the cysrs. 
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