Serwer et al. BMIC Res Notes (2019) 12:560
https://doi.org/10.1186/513104-019-4597-1

BMC Research Notes

RESEARCH NOTE Open Access

High murine blood persistence of phage T3

®

Check for
updates

and suggested strategy for phage therapy

Philip Serwer ®, Elena T. Wright and John C. Lee

Abstract

associated sepsis.

bacteria, Rapid phage characterization, strategy for

Objective: Ourimmediate objective is to determine whether infectivity of lytic podophage T3 has a relatively high
persistence in the blood of a mouse, as suggested by previous data. Secondarily, we determine whether the T3 sur-
face has changed during this mouse passage. The surface is characterized by native agarose gel electrophoresis (AGE).
Beyond our current data, the long-term objective is optimization of phages chosen for therapy of all bacteremias and

Results: We find that the persistence of T3 in mouse blood is higher by over an order of magnitude than the previ-
ously reported persistence of (1) lysogenic phages lambda and P22, and (2) lytic phage T7, a T3 relative. We explain
these differences via the lysogenic character of lambda and P22, and the physical properties of T7. For the future,
we propose testing a new, AGE-based strategy for rapidly screening for high-persistence, Iytic, environmental
podophages that have phage therapy-promoting physical properties.
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Introduction

Bacterial infections become especially dangerous when
caused by pan-antibiotic resistant bacteria [1-5]. A
recourse is administration of phages, a process called
phage therapy [6-12]. Phages kill the bacteria [6-12]
and sometimes have positive immunomodulatory effects
[8-11]. For bacteremias, the phages chosen are optimally
lytic with persistence in blood of at least 3—5 h.

The persistence of studied phages, including lysogenic
phages, P22 [13] and lambda [14], has missed this target.
In murine blood, infectivity titer loss was, respectively,
by over 6 orders and 1 order of magnitude in~4 h. Lytic
phage, T7, lost titer by over an order of magnitude in
1 h in an immunocompetent mouse, although not in an
immunocompromised mouse [15]. These observations
were negative indicators for phage therapy.

On the other hand, a discussion of mother mouse-
to-fetus mouse migration of the T7-related phage, T3,
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includes the comment [16], “That phage remained viable
in the animal (spleen) to 23 h was interesting”” This com-
ment raises the possibility that phage T3 has a relatively
high persistence in blood and, therefore, some phages for
pathogenic hosts have similar high persistence. But, thus
far, a direct test has not been performed for persistence in
murine blood of phage T3. In the present study, we per-
form this test and find surprisingly high T3 persistence.
We find evidence that the high T3 persistence is not
associated with genetically selected T3 surface changes
that occurred during the experiment. From these obser-
vations, we suggest future testing of a new strategy for
more effective phage isolation for therapy of bacteremias.

Main text
Methods
Bacterial and phage strains
Escherichia coli BB/1 was the host for phage T3. T3 was
received from Dr. F. W. Studier [17]. T3 is described and
compared to its relative, T7, in Refs. [17-19].

Escherichia coli BB/1 was (1) propagated in 2xLB
medium: 20 g tryptone, 10 g yeast extract, 5 g NaCl in
1.0 litre of Milli-Q filtered water (Millipore/Sigma) and
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(2) infected with phage T3 in 2xLB medium at 30 °C by
use of procedures previously described [20]. Phages from
a spontaneous lysate were purified by (1) precipitation
with polyethylene glycol, (2) dilute DNase I treatment,
(3) centrifugation through a cesium chloride step gradi-
ent, (4) buoyant density centrifugation in a cesium chlo-
ride density gradient and (5) dialysis against the following
buffer: 0.15 M NacCl, 0.01 M Tris—Cl, pH 7.4, 0.001 M
MgCl,. Details are in Ref. [18].

Inoculation of mice

Mice were inoculated in the laboratory (~10:00 A.M.) via
IP injection (possible also for phage therapy) with 100 pl
of 4.0 x 10'2 phage T3 per ml in the final buffer of purifi-
cation (previous paragraph). Blood samples were drawn
through the tail vein at times indicated. No anesthesia or
analgesia was used.

The mice were wild-type, young (10-12 weeks
old),~20 g, C57BL/6 females, disease-free and healthy,
purchased from Harlan and maintained with 12 h of
light/12 h of dark cycles at 22 °C in sterile rooms and
sterile cages at the authors’ institution. Standard irradi-
ated rodent chow (Harlan Teklad-485) and water were
provided ad libitum. Each cage had (1) no more than five
mice and (2) a stainless-steel wire bar lid and water bot-
tle. Facility access was limited to trained investigators and
staff wearing protective clothing: head wares, face masks,
gown, gloves and foot wares. The university provided
state-of-the-art husbandry, veterinary care and man-
agement support. After phage infection and blood sam-
pling, the investigators observed mice for signs of adverse
effects. Mice were handled and euthanized according to
the protocol (Number 170074x) approved by the Institu-
tional Animal Care and Use Committee of the University
of Texas Health Center at San Antonio, TX, USA. This
institution has an Animal Welfare Assurance on file with
the NIH Office of Laboratory Animal Welfare: Assur-
ance Number, A3345-01. Animal care and use was in
accordance with the NRC Publication, as revised in 2011,
“Guide for the Care and Use of Laboratory Animals,” and
other applicable federal regulations.

Infectivity assay

Titers of infective phages were obtained by use of stand-
ard plaque-forming procedures [21] with a 0.7% top layer
agar gel in 2xLB medium, except as indicated below. Dilu-
tions for plaque count were made in 0.5 M NaCl, 0.01 M
Tris—Cl, pH 7.4, 0.001 M MgCl,, 1.0 mg/ml gelatin. Plates
were incubated at 37 °C; dilutions were adjusted so that
titers were based on at least 200 plaques, sampling error
less than 7%.
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Native agarose gel electrophoresis (AGE)

AGE of plaque-associated phage particles was performed
after formation of plaques in an upper layer gel cast from
the following molten mixture of two low-melt agarose
preparations (Lonza): 0.5% SeaPlaque-+0.5% SeaPrep.
To release phages from a plaque supported by this
gel, ~ 10 pl of gel was incubated at 39 °C for 1.0 h in a nar-
row glass tube (inner diameter =4.5 mm), with vortexing
every 15 min. Then, DNA was digested by adding 1.1 pl
DNase I (1.0 mg/ml) in 0.045 M MgCl, and incubating
for 1.0 h at 30 °C. Before AGE, 8.9 pl of the following was
added: tracking dye (200 pg/ml bromophenol blue) and
neutral, density-increasing compound (11.2% sucrose)
in 0.09 M Tris—acetate, pH 8.3. Procedure was adapted
from Ref. [22].

AGE was performed in a 1.0% horizontal, submerged
agarose (Seakem LE; Lonza) gel for 18.0 h, at 1.0 V/cm,
in electrophoresis buffer: 0.09 M Tris—acetate, pH 8.3,
0.001 M MgCl,. Electrophoresis (1) was started 1.0 h.
after the loading of samples, this delay having been
introduced to reduce buffer discontinuities, and (2)
was accompanied by buffer circulation (>100 ml/min)
through a temperature-controlled water bath, beginning
at 1.0 h. after the start of electrophoresis. The gel tem-
perature was 25£0.5 °C. After electrophoresis, particles
were visualized by staining with GelStar (1:25,000 dilu-
tion of GelStar solution from Lonza; nucleic acid-spe-
cific) and ultraviolet light illumination.

Results

Lifetime of phage T3 in mouse blood

After IP injection of phage T3, the T3 blood titer did not
significantly decrease for the first 3—4 h (filled circles in
Fig. 1a). Subsequent decrease in titer occurred and con-
tinued for 8 days (Fig. 1b). Titer decreased by about an
order of magnitude per day.

To illustrate the dramatic contrast with the early time
data for phage P22, the data for P22 from Ref. [13] are
plotted as a solid line in Fig. 1a. The contrast continued at
the later times (Fig. 1b). The standard error of titers was
less than 7%.

Native gel electrophoresis
We did the following to rapidly determine whether T3
had experienced mouse passage-induced selection suf-
ficient to cause inherited changes in its surface. We
performed AGE of phages that had been propagating
in plaques previously generated by infectivity assays of
blood samples taken at several different times.

The AGE produced a single band at a position that did
not did not vary with time after mouse-injection (Fig. 2;
time [h] is above a lane); this position was the same as
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Fig. 1 The infectivity titer of phage T3 in mouse blood vs. time. a
Early times. b All times. Solid line, P22 [13]. Filled circles, T3

it was for the inoculum (I lane). Migration speed dur-
ing AGE decreases with increase in particle dimensions
(radius, in this case) and increases linearly with the mag-
nitude of the average electrical surface charge density, o
[23-25]; o is negative. If either radius or o had varied by
3% or more, change in band position would have been
seen [25].

Discussion

High T3 persistence in blood: a possible explanation

The following characteristics of phage T3 are possible
causes of high persistence. First, T3 is a lytic phage. As
such, all ancestral T3 DNAs experienced evolutionary
pressure while packaged in a phage particle that was
extracellular [26, 27]. This implies selection for high
persistence if the extracellular environment included
animals/humans. In contrast, ancestral lysogenic phage
DNAs sometimes were not so selected [26, 27].
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Fig. 2 AGE of T3 phage from plaques obtained at the time (h),
post-inoculation, indicated above a lane. The plaques were from the
experiment in Fig. 1

Second, phage T3 was almost certainly isolated from
feces or sewage [28]. This origin implies passages through
humans and/or animals. Thus, T3 was, indeed, likely to
have been selected for high persistence. The data of Fig. 2
suggest that the T3 surface was not further modified by
selection during the experiment of Fig. 1.

Finally, one suspects that the podovirus aspect of T3
[19] is a factor. Podoviruses have relatively short tails
and tail fibers [29]. Thus, entanglement-driven loss is
expected to be less than it is for longer-tailed phages, i.e.,
siphoviruses and myoviruses. The T3 relative, T7, also
has these advantages.

T3vs.T7

In comparison to T3, T7 has three persistence-limiting
physical properties that possibly explain the observation
of relatively low T7 murine persistence in Ref. [15]. (1)
T7, but not T3, has an AGE-detected, non-infective state
(second AGE band) into and out of which it can be envi-
ronmentally induced. Adoption of this non-infective state
could cause either the appearance or the reality, of low
persistence [30]. (2) T7, but not T3, is adherent to agarose
gels during AGE, suggesting that T7 is generally “stick-
ier” than T3 [18, 31]. This could cause low persistence
via adsorption of T7 to epithelia. Possibly linked to the
lower-than-T7 stickiness of T3 is the relatively high abso-
lute value of the negative T3 o, 1.28 x the negative o of
T7 [18]. (3) T7 phage is less elevated temperature-stable
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than T3 (unpublished observations), possibly because of
a genome that is more tightly packed [18].

Single-plaque AGE (Fig. 2) screens directly for prop-
erties (1) and (2). The following data suggest that sin-
gle-plaque AGE can also screen for high persistence via
screening for negative o high in magnitude. Experience
with non-phage drug delivery vehicles has been that over-
all persistence is increased by negative o and decreased by
positive o [32, 33], although some innate immune systems
do remove particles with negative o [34].

Proposed improvements in isolating phages for phage
therapy

The finding made here of a high-persistence phage sug-
gests that, beyond the current practice of selecting clear
plaque-forming phages [35], in the future, bacteremia-
targeted phages should be screened for high persistence.
But, repeating the experiment of Fig. 1 is time-consum-
ing enough to look for a proxy screen. The discussion in
the previous section suggests testing the possibility that
the following is an indicator of high phage persistence:
a single AGE band associated with negative o relatively
high in magnitude. Values of o are rapidly obtained by
single-plaque AGE (Fig. 2) through two or more agarose
gels of different concentration [36]. This can be done dur-
ing the initial single-plaque purification.

A rapid, simple, partial screen for podophages is also
achievable during single-plaque purification. This is done
by comparing the diameter of plaques in a relatively low-
concentration (e.g., 0.3%) agarose supporting gel with the
diameter in a higher concentration (e.g., 1.2%) agarose
supporting gel (example [37]). Podophages will be prefer-
entially identified via low dependence of plaque diameter
on supporting gel concentration, because podophages
are typically smaller than other DNA phages. Podophage
classification was established for phages that had previ-
ously been found [38] most effective for the phage ther-
apy of murine E. coli-bacteremias and meningitis [39].
More extensive data appear not to be available.

For improving phage therapy of bacteremias, factors
other than those discussed above can be involved. But,
future testing of the correlation of podophage o with
phage therapy effectiveness is a reasonable beginning.

Limitations

1. We have not determined, in detail, how well o, lytic
character and podovirus character correlate with the
persistence of phages other than T3 and T7.

2. We have not tested how reliably our recommended
procedure isolates podophages.
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3. None of the recommended procedures have been
tested for therapy.

Abbreviations
AGE: native agarose gel electrophoresis; o: average electrical surface charge
density.
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