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CHARACTERISTICS OF ABORTIVE INFECTION IN
LYSOGENIC SYSTEM OF ERWINIA HORTICOLA

The study provides evidence of the phage 49 abortive infection in the lysogenic
culture of Erwinia horticola 450(59). Aim. 1o study the peculiarities of abortive infection
in lysogenic system of E. horticola under the propagation of phage 49. Methods.
Erwiniophage 49 was obtained by propagation on E. horticola 450(59). The phage lysates
were studied by using centrifugation in CsCl-gradients, electron microscopy and SDS-
PAGE of the virion polypeptides. Results. The Abi-phenotype is manifested through the
reduced efficiency of virus plating and the decrease of amount of phage progeny. The
phage lysates contain an excess of capsid structures, incomplete virions and polytails. The
polypeptide profile of these capsid structures corresponds with the one of the native phage
particles. Conclusions. The obtained data suggest that the current phage-bacterial system
develops the Abi-phenotype affecting the phage morphogenesis.

Key words: abortive infection, bacteriophage 49, Erwinia horticola, capsid, polytails,
Abi-phenotype.

As a component of phage-host “arms-race”, the abortive infections (4bi)
interrupt the productive phage development targeting translation, replication,
genome packaging and assembly of mature virions [1, 12]. The Abi-mediated
“suicide” of infected cells leads to the release of few or no progeny particles
and prevents the spreading of infectious virus within the bacterial population
[10, 12].

Although many Abi-systems (4bis) have been found in various bacteria, they
are the most well-studied for lactic acid bacteria [3]. A highly effective Abis,
designated ToxIN, has been described for the phytopathogenic Pectobacterium
carotovorum subsp. atrosepticum [4]. An Abis inherents for the pectolytic
bacterium P. carotovorum subsp. carotovorum was detected in the course of
infection with bacteriophage ZF40. It is characterized by the overproduction
of separate phage capsids [9].

Recently, a study of polyvalent T7-like bacteriophages development in the
presence of prophage elements has demonstrated that phage FE44 is restricted
when single or double lysogens of non-pectolytic phytopathogenic bacterium
E. horticola are infected [3]. Phage infection led to the formation of aberrant
capsids in phage progeny that point out at the abnormal virion assembly of
T7-like phages as a result of an abortive infection.

Despite its abundance in the nature, Abis remain insufficiently studied in
comparison with the lysogenic or lytic development of bacteriophages. Thus,
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the aim of this research was to study the characteristics of abortive infection
in the lysogenic system of E. horticola 450(59) under the propagation of
phage 49.

Materials and methods. The object of the study was the phage 49 of
E. horticola. The strain E. horticola 450 lysogenized by erwiniophage 59 was
used as an indicator culture.

For lysogen construction, phage was applied on the bacterial lawn of the
parental strain E. horticola 450. Then, cells from the zones of secondary
growth were cultivated in the broth (LB). After serial cloning, bacteria were
analyzed for the lysogenic induction ability and resistance to lysogenisation by
homoimmune phage [3].

The phage lysates were obtained by the confluent lysis. The phage particles
were concentrated and purified by differential centrifugation (the SW28 rotor,
Spinco L7-70, 24,000 g, 3 h, 10°C). The profound purification and density
estimation of the phage particles were carried out by centrifugation in the
preformed cesium chloride gradients with using the SWS55 rotor at 35,000 rpm,
4 h, at 10°C [13].

Micrographs of the phage particles, contrasted with 2% uranyl acetate
solution, were taken with the electron microscope JEOL1400.

SDS-PAGE-electrophoresis of the structural polypeptides of the
phage virions was performed with the standard method by Laemmli [7].
Electrophoresis data was processed with the help of the computer program
Total Lab (version 2.01).

Statistical data analysis was done in Microsoft Excel and STATISTICA [9].

Results. In the earlier studies [11] it was shown that phage 49 and 59 are
heteroimmune representatives of the polylysogenic system of E. horticola. This
allows us to explore the lytic and lysogenic process under the lysogenic state
of the host formed by one of them. For this purpose, a monolysogenic strain
E. horticola 450(59) was constructed.

The obtained results have shown that phage 49 is a subject of considerable
restriction by E. horticola 450(59). In this case, the efficiency of plating (EOP)
decreases to 88% in comparison with the reference EOP on the parental strain
E. horticola 450. In addition, it should be noted that the further plating on
the lysogenic culture resulted in the formation of unusual and much smaller
negative colonies.

Preparative obtaining of the phage 49 particles on the lysogenic strain
E. horticola 450(59) has shown the reduction of phage progeny release. In
comparison with the control experiments with the parental non-lysogenic
culture E. horticola 450, the phage 49 titer decreased 1-2 fold and was
estimated at 10" PFU/ml.

The CsCl gradient centrifugation of the obtained phage lysates has indicated
that sedimentation profiles (fig. 1A) are characterized by the prevalence of the
band with a low buoyant density (1.35 g/cm?).

Based on the electron microscopy data it was determined that the band with
low density in CsCl-gradient contains incomplete virions and separate phage
components with an excess of capsid structures (fig. 1B).
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Fig. 1. A. The CsCl-gradient profile of phage 49 obtained on lysogenic strain
E. horticola 450(59). a — the band with buoyant density 1.35 g/cm?; b — the band of
native phage particles (1.5 g/cm?). B. Electron-microscopic image of the materials from
the CsCl-band with the low buoyant density. 1, 2, 3 — the capsid structures of I, I1, II
classes, respectively; 4 — incomplete phage particles.

The histogram on the fig. 2 indicates that there are several classes of capsid
structures with sizes 55-60 nm (I class), 65-70 nm (II class) and 91-96 nm
(IIT class). All of the mentioned capsid classes were characterized by the
similar structure with an explicit coat. The electron microscopy data suggest
that capsid structures of the I class dominate in the lysates. Their diameters are
similar to the head size of native phage particles (53 nm).

341 445 549 653 757 861 965 1069 1174 1278
393 497 601 705 809 913 1017 1122 1226 133

Fig. 2. Size distribution of capsid structures from the lysates of phage 49. I, II, III —
the basic statistics classes of capsid structures.
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In addition to incomplete virion particles and capsid structures, the
occasional separate phage tails occur on the electron micrographs. Apart from
that, some unusual entities were identified. Their structure is similar to phage
tails but are characterized by a much greater length (fig. 3).

Fig. 3. Polytails (pointed arrows) in the lysates of bacteriophage 49

The width and length of the tail within the intact infective phage 49 virions
equal 7.7 = 0.3 nm and 153.2 + 4.2 nm, respectively. The width of the phage
tail-like particles found in the lysates was not reliably different from the one
in the native phage (8.1 £ 0.5 nm). However, their length was several times
greater (200-700 nm).

Further research aimed to prove that the detected capsid structures are the
intermediate products of virion formation. Using gel filtration chromatography
on a column with Toyopearl HW-75, the fractions enriched by capsid structures
of different classes were obtained. This was confirmed by the electron
microscopy data of the samples. After that, we performed a comparative
analysis of polypeptide profiles of capsid structures from different fractions
and native phage particles.

According to the electrophoregram presented on fig. 4, the peptide profile
patterns are similar. But the profiles of fractions with capsid structures contain
an additional protein band with molecular weight of 36 kDa, which does not
present among the structural proteins of native phage particles.
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1 2 3 4 M,kDa 5 6

Fig. 4. Protein profiles of phage 49. 1-4 — fractions enriched by the capsid structures;
M — molecular weight marker; 5-6 — native page particles. Arrows point
at the additional protein band with molecular weight of 36 kDa

Discussion. Bacteria are well recognized to impact natural ecosystems,
industrial processes and human health. Recently, bacteriophages have also
gained relevance as they modulate the processes through cell lysis, horizontal
gene transfer and metabolic reprogramming during infections [10]. For better
understanding of the roles of phages in nature, an understanding of their
possible interactions with their hosts is necessary [2].

Most of the in vitro studies are based on the idea of phage development in
according to the lytic or lysogenic life cycle. At the same time, numerous data
indicate that phages have diversity of possible life cycles depending on the
interaction with their physical environment and bacterial host. Such widespread
phenomena as pseudolysogeny, chronic and abortive infection are difficult to
study due to the absence of adequate models and methods [2, 5].

In fact, the arms-race between phage and bacteria is predicted to have
an impact on global nutrient cycling, on global climate, on the evolution of
the biosphere, and also on the evolution of virulence in pathogenic hosts.
Faced with the rapid evolution and turnover of phage particles, bacteria have
evolved various phage resistance mechanisms (the restriction-modification and
CRISPR/Cas systems, abortive infections, etc.) [6, 10].

This paper is devoted to the study of the interaction between the phage
49 and the amilovora-like bacterium E. horticola 450(59). It was found that
the endogenous genetic elements, such as integrated heteroimmune prophages
59, interfere with the exogenous phage 49. The phage exclusion is expressed
in the EOP reduction and the excess of aberrant capsid structures in lysates.
The identity level of the polypeptide profiles of native virions and fractions
with enriched capsid structures indicates that the observed capsid structures
are relevant to the bacteriophage assembly. This assumption is supported by
the fact that the capsid structures of dominated class are similar in size to the
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capsid of native particles. Additionally, numerous polytails in the lysates refer
to a significant disruption of virion morphogenesis.

The obtained results suggest that the abortive infection occurs in the case
of phage 49 reproduction on the lysogenic heteroimmune culture E.horticola
450(59). Although the development of the Abi phenotype is associated with
the integration of a prophage element in the genome of the host bacteria, the
mechanism and genetic determinants of this phenomenon are unknown and
require further study.
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OCOBEHHOCTHU ABOPTUBHOM MH®EKIUH B JIN3OITEHHOM
CUCTEME ERWINIA HORTICOLA
Pesrome

[MokazaHo, yTo mpu penpoxykiuu Qara 49 Ha TH30TCHHOW KynbType Erwinia
horticola 450(59) nndekuns nmeer aboptuBHbIN Xapakrep. Lleas padorsl. 13yunts
CBO¥CTBa a0OPTHUBHOI MH(EKIMK B JIM30TCHHOU cucteme E. horticola mox newcTBreM
6axrepuodara 49. Meroaspl. /i1 momydeHus spBuHHO(para 49 HCHoNb30BaIl JTH30TCHHBIH
wramm E. horticola 450(59). Jlns nccnenoBanus CBOWCTB (haroBbIX 4acTHI] MPUMEHSUIIN
ueHrpudyrupoanue B rpaguentax CsCl, snekrponHyo mukpockonuio u SDS-TTAAT -
aekTpodope3 BUPHOHHBIX MONHIENTHI0B. Pe3yabraTsl. AGopTHBHASI WHDEKINS
MPOSIBISUIACH B CHIDKCHUH 3(PPEKTUBHOCTH ITOCEBAa BUPYCA, a TAKKE COKpAIICHUHU
KOJIMYECTBA KM3HECIIOCOOHOIO MTOTOMCTBA IPH TpENapaTuBHOM MOJYYSHUHU (aroBbiX
gacTui. C TTOMOIIBIO €IEKTPOHHON MHUKPOCKOIIUU YCTAaHOBJICHO, UYTO (haroBBIC JTH3AaThI
coJiepKaT U30BITOK KAICUIHBIX CTPYKTYP, HE MOJHOCTHIO C(HOPMUPOBAHHBIC BUPHOHBI
U NOJUXBOCTHL. [lonmunenTuaneiii mpouiib KarncCUAHbIX CTPYKTYP COBIAAAET C TAKOBUM
HaTUBHBIX (aroBbIX dacTUIl. BeiBoabl. [lomydeHHBIE pe3ynbTaThl CBUICTEIBCTBYIOT O
TOM, YTO B HCCIIEyeMO# cucteme nposiBisiercst Abi peHoTnn Ha ypoBHEe MOpdoreHesa u
Moporoasa paroBoro noTomMcTaa.

Kunrouegvie cnosa: aboptuBHas mHbeknus, spBunuodar 49, Erwinia horticola,
KaIlCUJIHBIC CTPYKTYPH, TIOTUXBOCTHI, Abi (CHOTHII.
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OCOBJIMBOCTI ABOPTUBHOI IH®EKIIIi B JTI30T EHHIM
CUCTEMI ERWINIA HORTICOLA
Pesome
[TokazaHo abopTUBHMI XapakTep NMpoTikaHHs 1H(EKLIT Ipy penpoayKuii epBiHiodara
49 Ha ni3oreHHid KynbTypi Erwinia horticola 450(59). Mera po6otu. Jocriautu
BIIACTHBOCTI a0OpTUBHOI iH(eKIii B mi3oreHHil cuctemi E. horticola mim BIITUBOM
Oakrepiopara 49. Meroau. [lns orpumanHs epBiHiodara 49 BHKOPUCTOBYBAIN
nizorennuit mwram E. horticola 450(59). JIast qoCHiKEHHST BJIACTUBOCTEH (haroBux
YaCTOK 3aCTOCOBYBaNM MeHTpudyryBanHs B rpanieHTax CsCl, exekTpoHHY MiKPOCKOIIIIO
i SDS-ITAAT -enexkrpodopes BipioHHHX mnoainentuaiB. Pesyabrarn. AGopTHBHUN
xapakrep 1H(pEKIIT IPOsBISBCS B 3HWKEHHI €()EKTUBHOCTI BHCIBY Bipyca Ta 3MEHIICHHI
BUXOJY )KUTTE3JaTHOTO (DaroBOro MOTOMCTBA IPH NPENapaTHBHOMY OTPUMaHHI (aroBux
YacTOK. 3a JOMOMOTOI0 €JIEKTPOHHOI MIKpOCKOMii BCTAHOBJIGHO, IO JIi3aTH MICTATH
Ha/UTMILIOK KallCHJIHUX CTPYKTYp, HE TMOBHICTIO c(hOPMOBaHI BIpPiOHH Ta MOJNIXBOCTH.
Honinentnaanii TPoQink KaCHIHUX CTPYKTYP CIIBIIAJA€ 3 TAKUM y HATHBHHUX (ParoBUX
yacTok. BucHoBkn. OTprMaHi pe3ynbraTu CBiIYATh PO Te, IO B JOCHIPKEHINH cHCTeMi
Abi heHoTHI NPOSIBISETHCS HA PiBHI MOp(oreHe3y Ta Mopdonoesy (paroBoro HoToMCTBa.
Knrouosi cnosa: aboprusHa (arosa iHdekmis, epsiniopar 49, Erwinia horticola,
KallCUHI CTPYKTYPH, ONIXBOCTH, Abi (peHOTHII.
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