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ACRIDINE ORANGE RESISTANT MUTANT OF BACTERIOPIHAGE A

Voprosy Virusolocii V.K. Ravin,
(Problems in Virologv) I.V. Andreyeva
No 5, 1966, pp 573-578

It is known that acridine dves can suppress intraceliular develop-
sent of many virs wes [1-4]. Althoush the detailed mechanism of this
suppression is known, it may be assumed that some late stages of viral
particle synthesis are blocked [4]. Resistant mutants [4, 5] have
been found of manv bacteriophages sensitive to acridine dyes during
intracellular reproduction. Genetic analysis reveals that resistance to
various dves is recluated to the function of different genes {5].

Viruses winse protein membranes are permeable to small molecules
are inactivated waea the virus-dve mixture is illuminated with visible
i..it, bul thev retain their vi.bility in the dark [6, 7]. Under
soocific experimental conditions we were able to observe inactivation of
cxtracellular bacteriophage A by acridine orange, and it occurred not
only in the licht but also in the dark. Evidence was obtained that
dark inactivation is the result of interaction between the dye and the
bacteriophage DNA.

In the present work we describe isolation and some properties of
a phage A mutant resistant extracellularly to acridine orange., An

effort was made to determine to what the mutant's dye resistance could
be related.

Material and Method

In this study we used the following strains of Escherichia coli:
E. coli K12A -- the source of phane, E. coli K125 -- a variant of E.
coli K12 nonlysorenic with respect to A, E. coli C -- an indicator strain
for phage A. All of the strains were obtained from the collection of
the Laboratory of Genctics of Bacteria and Bactedophage, Institute of
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Epidemiology ana [iccotiology imeni N.F. Gamaleva, USSR Acauenmy of lledi-
cul Sciences. Bacieriophage A(k) was vutuined by tie mci..od of ultra=-
violet induction of E. coli K12(A). Phuve A(c) was obtained by virulent
replication of A(k) on E. coli C. The acridipne orange resistant mutant
of phage A, A(a), was isolated from a population of A(k) as described
below. Concentrates of phage A(a) and A(c) were obtained by the same
method and under identical conditions. The method of obtaining pure
preparations of phage A(c) was described by one of the present authors
(8]. The phage (a) preparations used for spectral readings were
obtained in the same manner.

Fer the experiments on inactivation of extracellular bacterio-~
phage by the dve a phage suspension in medium M9 was diluted with 0.01 M
phosphate buffer (pH -- 7.6) until E,g¢ was under 0.02. Then 3.2 ml
[milliliters] of such a dilution as added to 1.8 ml of the same buffer
but with the required dosage of dye. The mixture was incubated in the
dark for ten minutes at 20-22°, after which it was diluted with a
medium binding free dye (0.14M of NaCl solution + 10% broth), and
determination was made of the number of spot-forming particles by the
agar layer method. Other methods used are described with the corres-
ponding experiments.

Results

The kinetics of inactivation of phage A(k) by acridine orange
is shown in Figure 1. The same result is obtained when extracellular
phage A(c) is treated with dye. Some of the phage A(k) population which
remained viable after treatment with doses of over 2-4 ug/ml [micrograms
ver miililiter] consists of mutant forms but not particles that have this
property phenotypically. 1In order to test this stabs were made in
several of the plaques in the dishes, corresponding to doses in excess
of 4 ug/ml, and the washings from the needle were resuspended in sepa-
rate tubes. Treatment with 20 ug/ml of acridine orange revealed that
the suspension in each test tube consists oi resistant particles.

In order to obtain a pure strain of phage A(a), seven phage
passages were made from morphologically typical plaques. Exactly the
same passage of phage A(c) served as a control. The kinetics of inacti-
vation of phage (c) after seven passages was the same as that shown on
Figure 1; phage A (a) retained its resistance to the dye. 1ln order to
determine tne mechanism of mutation of resistance a comparative study
was made of biological and physicochemical properties of the mutant
and wild type phage.

After infection of E. coli bacteria, both phages yield under
like conditions an equal proportion of infectious centers and lysogenic
cells. Both phages are resistant to osmotic shock in a 5M solution of
NaCl. In this experiment we used the Andersm method (9]. Phages A (a)
and A{c) are equally inactivated by ultraviolet irradiationm.
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Figure 1. 'Dark'" inactivation of bacteriophage A (k) by acridine
oranye (l); 2 -- the same for phage A{a)
Legend:

a) phage titer b) dye dosage (in ng/ml)

Within the range of accuracy of ‘he exerpiment no differences were
detected between the curves of one cycle of roeproduction of phages A(a)
zad A(e) on E. coli C. Bacteria that were in the middle of the logarith-
mic phase of growtii were infected by phages A(a) and A(c) with a low
muitiplicity of infectionm (0.02). After five minutes of adsorption at 37°
the suspension was diluted ten-fold with nutrient medium containing
phage A(c) antiserum. Frifteen minutes l.ter the antiserum was removed
with 100-fold dilution of the mixture. .Samples were collected every
5-10 minutes and determination was immediatelv made of number of spot
forming particles. The results of this experiment are shown on Figure 2.
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Figure 2. Curves of a single reproductive cycle cfi (a) and
Ale) on E. coli C
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Legend:
1) infection with phage XA(a) a) infectious centers
1I) infection with phage A(c) b) ... minutes

The experiment is described in the text.

The kinetics of neutralization of A(a) and A(c) by phage A(c)
antiserum is somewhat different, neutralization with A(k) antiserum is
the same for the mutant and phage A{(c) (see Table). The values for
constants of rate of inactivation in this table are estimated by the
initial segment of the inactivation curve, the curves proper are complex
in shape.
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Kinetics of neutralization of w.1d type phage and mutant
by antisera ;

i AnTnc spopor/ s
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\‘ A (x) \x 3 (c)
250
Legend: A (<) 310
a) phage b) antiserum

Some differences were discovered between the phages, unrelated
directly to sensitivity to the dye. Thus, the phage A(a) plaques are
larger and show more visible secondary growth than phage A(c) plaques.
Heterogeneity of plaque morphology typical for phage X is retained by
the mutant.

Some differences were noted between the adsorption properties of
phages A(a) and A(c). Phage A(a) in contrast to phage A(c) is not
adsorbed on E. coli K 12S. 1In addition a negligible and inconsistent
difference is observed in rate of phage adsorption on E. coli C.

Phage A(a) retains its resistance to acridine orange also, with
intracellular development on E. coli C (Figure 3). However, since in
this case suppression of phage A(c) is mild, the difference between
sensitivity of infected bacteria to acridine orange is considerably
lesser than the corresponding difference between extracellular phages A(a)
and A(c). The E. coli C in the middle of the logarithmic phase of
growth in a complete medium were washed off and suspended in 0.01 M of
MgSOs solution. The suspension was incubated for one hour at 37°, then
phage was added so that the multiplicity of infection would equal 1.0.
After 20 minutes of adsorption the culture was transferred into fresh
nutrient medium (1Z Bacto peptone water). It was verified that from
this moment on development of phage in the infected bacteria occurs in
the manner shown on Figure 2. Ten minutes later the infected bacteria
were transferred into buffer with dye, similarly to what was done in the
experiments for inactivation of extracellular phage. Incubation with the
dye lasted 20-23 minutes at 37° after which immediate determination was
made of the number of infectious centers (before lysis began).

Both the mutant and wild type phage are resistant to a similar
dye, trypaflavine A 50 pg/ml dosage did not induce phage inactivation
either in the dark or under the 'light of a 150 watt 1light bulb at a
distance of 60 cm. It well may be that such illumination was insuffi- )
cient for photodynamic inactivation. !

When purificd phanme A(c) preparations are mixed with dye solution
a phage~-dye couipicx .. ([ormed and this is associated with a change in
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spectrum of dve shsornricn,  Msalonous cuantes in dve absorption occur in

thie preseace of i e A(ay, and hon the concuentration of phage .n the

mixture is altered (ae soectea J voun dye caanne identically in both

the case of phage A(c) and phage A(a). Theses changes in dye spectrum

(Figure 4) qualitatively correspond to those observed in the DNA-acridine )
orange system [10].
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Figure 3. Effect of acridi.e orange on bacteria E. coli C
infected witu phages A{a) and A(c)

Legend:
1) noninfected culture a) percentage of surviving infectious
2) infectious centers of A(a) centers :
3) infectious centers of A(c) b) dye dosage (Hg/ml) !
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Figure 4. Absorption spectra of phage-dye complexes.
Dye concentration: 4 Hg/ml; phage titer: 1°10'2, ;
Solvent: phosphate buffer 0.01 M, pH: 7.6 + :
0.005 M ethylenediaminetetraacetic acid sodium salt \

Legend:
1) dye 3) dye + phage A(c) X
2) dye + phage A(a) a) millimicrons '

During centriiuiation of the phage-dye mixture some of the dye is
precipated along witn piage. Evidently the dye that cannot be removed
from the phage-dye complex with simple dilution of the mixture is preci-
pitated. Wihin the range of accuracy of the experiment no difference
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was observed between the ability of pha s A(a) and A(c) to bind acri-
dine orange. For tnese re.. ons | : im~robaule to assume that the
mutant's resistance could be reclaica Lo .upermeability of its protein
sheath for dye molecules. Physicocuemical analysis of DNA isolated
from phages A(a) and A(c) by the usual phenol method failed to reveal
any reliable differences either in absorption spectra or nucleic acid
melting curves (Figure 5). In order to determine the temperature con-
tour of melting a DNA solution in 0.01 X phosphate buffer (pH -~ 7.6)
was heated in a sealed ''thermostatized" cuvette. Optic density at A =
260 millimicrons was measured 15 minutes after the temprature shown on
the ordinate was reached.

e
«(fe-20°)

W0 s0 60 w0 0 W, 10
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Figure 5. Melting curves of phage A(a) and A(c) DNA.
The experiment is described in the text.
Legend:
1) A(a) DNA 2) A(c) DNA

We also failed to detect reliable differences in absorption
spectra of DNAA(a)-dye and DNAA(c)-dye complexes (Figure 6).

There is unique coagulation of DNA with increase in dye concentra-

tion to a specific level in the DNA-dye mixture. Fibers form in the

solution similar to those obtained when DNA is precipitated with alcohol.

At equal concentrations of DNA these "critical concentrations' of dye
are also the same for A(a) DNA and A(c) DNA. Evidently the structural
disturbances of DNA in concentrated dye solutions are the same for A(a)
DNA and A(c) DNA.

Discussion

In gpite of the fact that the data submitted herein are insuffi-
cient to form a clear idea about.the molecular mehcanism of mutation
in our case, some hypotheses can be ruled out. There is a correlation
between viral sensitivity to photodynamic inactivation and permeability
of their protein sheaths for small molecules [6, 7]. It may therefore
be assumed that the resistance of phage A(a) to the dye may be related
to impermeability of its protein sheath for the dye. True, all of the
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Figjure 6. Spectra of »h::e A(a) or A(c) DNA-dye complexes

Legend:
1) 10 ug/ml X(a) DYA + & .o/t acridine oranve
2) 10 ..t/ml A(c) DNA + 4 yp/ol1 acricine oranze
3) 30 . ‘1 A(ay DNA + 3 ua/ml acridiie crange
4) 30 .z/ml A(c) DNA + 3 ug/ml acridince ovuaze
Maximum of curves 3, &4 at A 500:2 miisimicrons;
for curves 1, 2 at XA 467:2 millimicrons.

above—described di.ta are referable to incctivation in the dark, and in
tiiis case the existence of the above correlation can only be surmised.
iiowever, our resu.ts contradict the assumption that the protein membrane
of phage A(a) is impermeable for acridinc orange. TInde-d, both phages
are resistant to osmotic shock, consequently their protein membranes can
be permeated by smali molecules. Ia addition, both phages bind an equal
amount of dye, and ."e bound dye absorp.ion spectra are also the same in
these cases, and thev are similar to the spectra of DNA-dye complexes
i9]. Since it iscuitc probable that darx inactivation of phage A by
acridine orangze takes place due to .nteraction between the dve and phage
ONA [8], it may be assumed that resistancc of the mutant is related to
some unknown distinctions of its rucleic acid. Although this hypothesis
cannot be refuted, our results indicate that there are no visible dif-
ferences betwecn the nucleic acid structure of the mutant and wild type
phage. Botih DNAs are double-coiled, they are equally sensitive to
ultraviolet lignt, they rcact the same with the dye. Further investi-
gation of the molecular ncchanism of mutation of resistance to the dye
would be of interest in view of the prospect of using this type of
mutation in genetic research.

Conclusions
1. During incubation of a mixture of phage .and acridine orange
in a solution of low ionic force at a pH of 7.6, dark inactivation of
the phage takes place.

2. A nhage mutant has beeen isolated and described; it is resistant
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to acridine oranse both within ... UL Loo tile cell.
3. Acquisity v of ruain ave oo .0 dye cannot be the result of
impermeabiiity of the mutunt's .utein .cembrane {or dye molecules.

4. No differences were detectec between the absorption spectra
and melting curves of nucleic acids in the wmutant and wild type phage.
Both DNAs modify identi_ally the sascctrum of acridine orange.
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