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MORPHOLOGICAL HETEROGENEITY OF TEMPERATE
ERWINIOPHAGE 59

This paper is devoted to the phenomenon of morphological heterogeneity within the
population of the temperate erwiniophage 59, which does not have analogies among other
bacterial viruses. Aim. To investigate the basic properties of erwiniophage 59 heteroge-
neous population obtained from different isogenic strains of amilovora-like bacterium
Erwinia “horticola” (Eho). Methods. Erwiniophage 59 was obtained by propagation on
its traditional host Eho 450, as well as on its three isogenic strains and a related bacterium
E. “horticola” 60. Physical and chemical properties of the phage particles were studied
using centrifugation in CsCl-gradients, electrophoresis in agarose gels, electron micros-
copy, restriction analysis of DNA and SDS-PAGE of the virion polypeptides. Results. It was
shown that the pool of temperate phage 59 is a heterogeneous population consisting of two
phage types when propagated on the mentioned hosts. These types are discrete and have
buoyant-density difference of 0.02 g/cm’, that allowed to separate subpopulations for a de-
tailed investigation. The subpopulation with the higher density was determined as the au-
thentic bacteriophage 59 (subpopulation Il with capsid diameter of 55.36 nm). The capsid
diameter of the subpopulation I particles equals 51.16 nm. Both types of particles do not
differ by DNA size and have identical restriction patterns. Based on the Smal-restriction
analysis it may be concluded that the DNA packaging remains unchangeable and is car-
ried out according to the headfull packaging mechanism. However, the subpopulation 1
differs from the original one by a relative content of some polypeptides. Curiously, the
subpopulations I and Il have different values of lysogenization and spontaneous induction
frequencies. Conclusions. An unusual type of morphological heterogeneity of the phage 59
particles was observed for the first time, this heterogeneity is associated with the presence
of two equimolar subpopulations with different physical and chemical parametrs of the
virions. Morphological heterogeneity of temperate erwiniophage 59 significantly differs
from such of the classical coliphages as T4, P1 and the phage system P2—P4.
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population, physical and chemical properties of particles, restriction analysis of DNA,

lysogeny.

It is widely known that natural phage populations are characterized by diversity
of viral particles. There are two basic types of such heterogeneity. In the first case,
the lysates contain separate structural components along with the intact particles
— capsids, tails, baseplates and fibers; they are not able to assemble into mature
virions due to morphopoetic deviations. As a rule, these components constitute a
small percentage of the lysate, however, their quantity rises under an abortive infec-
tion [13]. The second case is directly associated with defects of such a stage of the
virion assembly as morphogenesis. As a result, in addition to normal virions, the
infection processes is accompanied by formation of nonviable phage variants with
a changed structure and size of capsid. Since the mentioned changes are related
to the virion morphology, such diversity of a phage population can be defined as
© M.A. Zlatohurska, F.I. Tovkach, 2016
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morphological heterogeneity. The “classical” examples of morphological heteroge-
neity were described for coliphage T4 [9], P1 [18] and the helper-satellite system of
phages P2—P4 Escherichia coli [11]. The reason of the populational heterogeneity
of these phages are related not only to accidental, but also to targeted changes on
various stages of phage head morphogenesis. Capsid morphogenesis is affected by
structural changes in the phage genome as well as by the functioning of the host
chaperone systems [5]. Therefore, morphological heterogeneity should be consid-
ered as an expression of the dynamic phage-bacterial interaction system.

Investigating temperate erwiniophage 59 [3] we revealed the phenomenon
of morphological populational heterogeneity which has no analogies among
other viruses of bacteria. When propagated on various sensitive strains, the
phage has produced two equimolar subpopulations with different capsid sizes,
buoyant density, protein contents but with the same size of genome. Morpho-
logical heterogeneity also influences the phage life cycle changing its lysog-
enization and lysogenic induction frequencies.

Thus, the aim of this research was to characterize the populational hetero-
geneity of erwiniophage 59 obtained on different isogenic strains of the host
microorganism.

Materials and methods. The objects of the research were: different vari-
ants of bacteriophage 59 propagated on the original strain E. “horticola” (Eho)
450 [1], its auxotrophic mutant Eho 450 His3 [16], its isogenic strains Eho
450(49) [14] and Eho 450(P1) [2], and a related bacterium E/o 60 [14]. The
nutrient medium Ne 1 (SRCAMB, Russia) was adapted to the cultivation needs
of phytopathogenic Erwinia species by the addition of the horse chestnut fruit
extract (20 ml/l). The peeled and granulated fruit (200 g) was flooded with
water (2 1) and boiled for 3—4 h. The obtained suspension was filtered and
sterilized by autoclaving.

Phage lysates were obtained by the confluent lysis. Phage particles were
concentrated and purified by differential centrifugation (the SW28 rotor,
Spinco L7-70, 24000 g, 3 hours, 10 °C).

The profound purification and density estimation of the native phage par-
ticles were carried out by centrifugation in the preformed cesium chloride gra-
dients. Such gradients were made by layering three concentrations of CsCl
(1.4 g/em?, 1.5 g/em® and 1.6 g/cm?, 1.5 ml each) and phage suspension (0.5 ml)
into the 5 ml centrifuge tubes. They were centrifuged in the SWS55 rotor at
34000 g for 4 hours at 10 °C. At the end of run, the tube content was photo-
graphed and collected for further investigation. The virus titer was determined
for the separated fractions. The absorbance was determined by a NanoDrop ND
1000 (Thermo Scientific, USA). Densities of the phage particles were calcu-
lated using the refraction index determined with refractometer URL (model-1).

The phage sample was adsorbed to carbon-coated Formvar grids and stained
with 2 % uranyl acetate. Electron micrographs were taken using the micro-
scope JEOL JEM-1400 at the instrumental magnification 20,000—40,000x.
The maximum diameter of a capsid was measured as the distance between the
opposite vertices. The distance between portal vertice of the head and the end
of baseplate was calculated as the tail length.

The phage DNA was extracted by the SDS-pronase method [15]. The re-
striction analysis was carried out using the endonucleases Smal and Sal/l. The
enzymatic hydrolysis was performed according [15]. Electrophoretic separa-
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tion of the restriction products was done in 0.8-1.0 % agarose gels. 1.0 %
agarose gels were used for separation of the phage virions and genome DNA.

The SDS-PAGE of the structural viral polypeptides was performed accord-
ing to the Laemmli protocol [7]. After an electrophoretical run the gels were
stained with Coomassie brilliant blue G-250. PageRuler Prestained Protein
Ladder (Fermentas, USA) was used as a molecular weight standard. Molecular
weight analysis was calculated using the computer program Total Lab (version
2.01).

The spontaneous induction frequency was calculated using the equation
f=P/B, where P is the phage titer in the cultural liquid, B — the titer of lysogenic
bacterial cells. Lysogenization frequency was determined as the ratio between
the number of lysogenized cells and the total cell number in the cultural me-
dium [6].

Statistical data analysis was done in Microsoft Excel and STATISTICA
[12].

Results. In the earlier studies [4] it was shown that phytopatogenic bacteria
are characterized by the presence of structural heterogeneity of virions within
their populations.

Similar results were obtained in curent investigation for temperate erwin-
iophage 59 in the case of its adaptation to reproduction in cells of the auxo-
trophic mutant E. horticola 450 His3. The pool of phage particles produced
two equimolar bands in CsCl gradient (Fig. 1A). Both bands contained viable
bacteriophages with a titer of 1-2x10"" PFU/ml.

Summary
SPI SPII

sample

DNA

A. B.

Fig. 1. The CsCl-gradient profile of the phage 59 obtained on the auxotrophic mutant
E. horticola 450 His3 (A); a, b — bands with the buoyant density of 1.45 and 1.47 g/cm?
respectively. B — electrophoregram of the native virions and genome DNA of phage
59/450 His3. SPI, SPII — phage particles of different subpopulations; 1 — native particles;
2 — phage particles treated with 0.8 % SDS; 3 — phage particles treated with pronase B;
a*, b* — virions with different electrophoretic mobility.

It was established that the upper band of virus material has a density of
1.45 g/cm® while for the lower band of the CsCl-gradient this value was
estimated at 1.47 g/cm®. It should be mentioned, that this band’s density is
0.03 g/cm’ lower than it was mentioned in earlier works [3]. The obtained
data indicate the presence of a considerable populational diversity that effects
density of phage particles. For simplicity of notation, we assume to designate
the virus-containing material of bands with the lower and higher density as
subpopulation I (SPI) and subpopulation II (SPII) respectively.
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The electrophoretic separation of the summary sample and the analysis
of SPI and SPII contents showed that the general pool of phage particles is
characterized by two groups of virions (Fig. 1B). The SPI was homogeneous
according to the electrophoretic mobility and coincided with the top band of
the summary sample. The overwhelming majority of SP II corresponds to the
lower band of the summary pattern. The electrophoretic mobility of DNA mol-
ecules extracted with SDS and pronase B was the same in all cases.

Identical restriction patterns were obtained using Sa/l restriction enzyme
for both populations (Fig. 2). DNA fragments have the same size and relative
content. This leads to a conclusion that the phage particles of subpopulation I
and subpopulation II carry genomes of identical size. Therefore, we assume
that the different electrophoretic mobility of phage particles is resulted by the
change in virion structure.

SPI SPIl M

Fig. 2. Sall restriction profiles of DNA isolated from phage 59/450 His3 subpopulation I
(SPI) and subpopulation II (SPII). M — HindIlI-fragments of A DNA.

The study of plaque morphology inferred that SPI and SPII produce
morphologically identical plaques on the lawn of sensitive bacteria. Phage
plaques were characterized by turbid centers, clear halos and uniform sizes.

The fact of different lysogenization frequency of Eho 450 His3 by SPI and
SPII phage has been established. This index differs by about 2 orders and equals
3.3 and 1.7 % for SPI and SPII phage particles respectively. Furthermore, at
least two stable lysogenic types of the host-microorganism were detected. The
first lysogen formed small zones of bacterial lysis on the lawn of sensitive
culture while the second lysogenic colony was characterized by big lysis zone
of the indicator strain. Subpopulation I and II produced both lysogenic types,
but the percentage of the second type lysogen was several orders of magnitude
smaller (Table 1).

The isolated lysogens differed by the frequency of bacteriophage spontane-
ous induction. The spontaneous induction frequency of the first type lysogen
after 20 h of incubation reached 2x10-2. For the second type lysogen this index
differed by two-orders of magnitude (3x10*). Similar feature was earlier estab-
lished for bacteriophage ZF40 forming several lysogenic states after lysogeni-
sation of the same sensitive host [6].
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Table 1.
Lysogenization of E. horticola 450 His3 by
two variants of phage 59/450 His3

Lysogenization frequency, %

Populations of phage 59
The first type lysogen The second type lysogen

Subpopulation I 2.0 0.4

Subpopulation IT 1.7 0.03

Lysogenic strains obtained using EAo 450 His3 on the base of SPI and SPII
phages were shown to be resistant to homoimmune superinfection and cross-
infection. It should also be noted that when SPII phage suspension was applied
to the lawn of lysogenic E. “horticola” 450(59), the spots of lysis and plaques
were formed with a frequency of 1x10%. It is not excluded that the spots of ly-
sis may be resulted by cooperative killing from the extrinsic side. The nature of
separate plaques is not clear; the emergence of vir-mutants or the phage-phage
induction phenomenon seems to be possible in these conditions [17].

The average values of the maximum capsid diameter and the tail length
were established for SPI and SPII virions by means of electron microscopy
(Table 2). The linear sizes were determined for 71, 159 ta 110 phage particles
of the summary sample, SPI and SPII respectively.

Table 2.
The linear parameters of phage particles 59/450 His3
Average size, nm
Structural components of virions S
ummary . .
sample Subpopulation I | Subpopulation IT
Maximum diameter of capsids 54.04 £ 0.66 51.16 £0.23 55.36 £0.57

Tail length ND 147.73 £2.12 149.25+1.75

ND - not determined

The maximum diameter of the phage capsids equaled 51.16 + 0.23 nm for
SPI and 55.36 = 0.57 nm for SPII capsids, which is 8.2 % lager than the one for
SPI capsids. As demonstrated on Fig. 3, the SPI and SPII capsid size distribu-
tions are close to normal distribution. In contrast, the distribution of capsids by
size in the summary sample indicated the presence of several classes of data. It
might be considered that the general phage pool contains particles with differ-
ent structural and morphological organization of the virions.

Since the average values overlap within the margin of error it is impossible
to assume that the tail size difference between SPI and SPII phage is accurate.
Moreover, the SPII tail size data does not demonstrate the normal distribution.
For this reason, we assume that the tail lengths vary due to the flexibility of a
proximal part of the tail and different orientation of particles on the surface of
the supporting grid.
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Fig. 3. Capsid size distribution of the phage 59/450 His3 different variants.

In an attempt to eliminate randomly obtained results, we have repeatedly
propagated the viral contents of the summary preparation and SPI and SPII
using strain Eho 450 His3. As seen from Fig. 4, all three lysates contain both
types of phage particles with the corresponding electrophoretic mobility. The
varying intensity of fluorescence of the EtBr-nucleic acid complexes in bands
points at differences in the quantitative ratio between two types of virions
within the general phage pool.

1 2 3 4 5 6 7 & 9

Fig. 4. Electrophoregram of phage 59 CsCl-fractions. The viral particles of the summa-
ry sample (1-3), the subpopulation I (4-6) and the subpopulation II (7-9) were propa-
gated on E. horticola 450 His3

Next, the host influence on the adaptation process and the phage morphoge-
netic development were investigated. The adaptation was performed by means
of 4-5 serial clonings through a single plaque on an appropriate strain. As the
previously obtained result indicates that both SPII and SPPI phage particles
produce heterogeneous progeny, the viral material of the summary sample was
chosen for the initial passage. Gradient profiles of the recloned phages indi-
cate that all the studied strains produce heterogeneous phage pools character-
ized by quantitative redistribution of the viral material between SPI and SPII
depending on the strain and the number of reclonings (Fig. 5). Thus, strains
E. horticola 450, 450(P1) and 450(49) produce bands of equal intensity in the
CsCl-gradient. The lower band is dominant in 59/450 His3 and 59/450(49)
preparations while for 59/60 it is the upper one. Different band intensity points
at the strain specificity in regard to the virion density correlation. It is worthy
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to note that the virus sample recloned and obtained using strain E4o 450 have
a slightly visible top band. Such redistribution of virion classes within the
population may be an evidence of the tendency to homogeneity with subse-
quent passages when grown on an adequate host. Thus, the result of the current
investigation stage is the detection of 5 strains E. horticola able to produce the
heterogeneous populations of phage 59.

Eho 450 His 3 Eho 430  Ehe 450(P1) FEho 60

Ele 450(49) Eho 450 Eha 450(P 1)

adapted adapted

Fig. 5. The CsCl-gradient profiles of phage 59 obtained on and adapted to different
strains of E. horticola (noted in the text). “adapted” — see text.

Based on the electrophoretic data it was determined that SPI and SPII
phage particles are characterized by identical polypeptide profiles (Fig. 6). The
phage virions include at least 8 structural polypeptides with molecular weights
ranging from 11 to 126 kDa. Three of them (p4, pS, p7) are the major ones.

M  SPI SPII

34.0 kDa |

26.0 kDa

17.0 kDa 3

Fig. 6. Polypeptide profiles of two variants of bacteriophage 59/450. M — molecular
weight marker; SPI — subpopulation I; SPII — subpopulation II.
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The obtained data and their comparison with literature sources make it
impossible to determine the function of any of the identified polypeptides.
However, the difference in percentage relation between p4 and p7 probably is
related to the distinction in capsid structures; thus, SPI and SPII phage particles
have different protein-DNA relation. This may possibly explain the electropho-
retic mobility variation of the virions within a particular population.

The phage 59 DNA packing into mature heads is performed according to
the headful mechanism [15]. Such DNA is characterized by the presence of
circular permutation. We attempted to determine the influence of the indicated
structural changes on the packaging and permutation of DNA.

The Smal endonuclease fragments of SPI and SPII DNA had the same elec-
trophoretic mobility (Fig. 7). The Smal digests of the phage 59 DNA contains
six basic fragments, the set of heterogeneous fragments (“a”) and one submolar
fragment (“b”). These results correspond to the literature data [15]. Conse-
quently, the indicated change in the capsid structure doesn’t affect the phage
DNA packaging system and permutation.

Eho 450 Eho 450 His3 Eho 450(49)
Eho 60 Eho 450(P1)

«a»

«b»

I SPI SPII I SPI SPII SPI SPIl SPI SPII SPI SPII

Summary  The basic band

sample of adapted sample
Fig. 7. The Smal restriction profiles of the genomic DNA obtained from different vari-
ants of phage 59. M — HindIll-fragments of A DNA; SPI, SPII — subpopulation I and
subpopulation II respectively; A-F — normal restriction fragments of DNA; “a” — a set of
heterogeneous fragments; “b” — a submolar fragment.

Discussion. It is well known that a capsid is the most labile component of
a virion while the tail with its appendages stays stable as a rule. The formation
of aberrant capsids in particular bacteriophages occurs with low frequency.
Therefore, in general, a subpopulation of normal virions considerably domi-
nates in the pool of phage particles supporting the viability of population at a
proper level.

Usually, the capsid size of bacteriophage morphological variants is ex-
pressed by discrete values and significantly differs from the size of a normal
capsid. For example, the population of coliphage P1 consists of several sepa-
rate subpopulations heaving head diameters of 86 nm (P1B), 65 nm (P1S) and
47 nm (P1M) [18]. All three types are composed of the same protein subunits
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but have different triangulation numbers — 16, 9 and 4 respectively. However,
only P1B particles package complete genome and are able to realize a produc-
tive infection. The phenomenon of morphological heterogeneity takes place
independently from the host strain and demonstrates the functional peculiari-
ties at the level of expression of several structural phage genes [8].

The process of formation of a heterogeneous population in the P2—P4 phage
system is drastically different from the one mentioned above but their results
are similar. The satellite phage P4 head volume is three times smaller than the
head volume of its helper and contains a smaller genome [10]. Morphologi-
cal variants have been also observed for coliphage T4. Besides normal phage
with elongated polyhedral heads (A2-morphotype) and short-headed isometric
forms (petit), the lysates of T4 also contain morphological variants with abnor-
mal (multiprolate) heads. The last ones are able to package complete genome
but they fail to productively infect sensitive bacterial cells.

This manuscript provides evidence that morphological heterogeneity of the
temperate erwiniophage 59 significantly differs from such “classical” coliphag-
es as T4, P1 and the phage system P2—P4. Although the equimolar subpopula-
tions of the phage are represented by two discrete sets of virions with varying
capsids, the difference between their average diameters is insignificant and
equaled 5 nm. Nevertheless, the density indexes and the virion electrophoretic
mobility in agarose gels proved to be significantly distinguished for the two
morphological types. The mentioned biophysical parameters characterize the
change in a protein/DNA ratio of the virions as well as the alteration in the
value of their surface charges. If one considers that the subpopulation II is close
to the original phage 59 [3], the traditional host for which is the strain Eho 450,
then it may be assumed that the variation in the mentioned parameters concerns
the subpopulation I.

As shown in Fig. 5, in addition to the strain Eho 450 His3 on which the
phage was first isolated, the phenomenon of morphological heterogeneity
spreads to two isogenic strains Fho 450(49) i Eho 450(P1), to the original
strain Eho 450 and to the related bacterium Eho 60. The quantity correlations
between the two subpopulations obtained on various hosts are generally distin-
guished, but systematic passages of a summary population on the initial strain
Eho 450 leads to a considerable domination of the subpopulation II, namely
the authentic phage 59. Therefore, this fact counts in favor of the idea that
morphological heterogeneity of a phage population depends on the host cells
and is formed due to the fine phage morphogenesis mechanisms in an infected
cell [4].

Since the emergence of the subpopulation I on the background of the initial
phage 59 is relegated to the capsid, the phage genome and its virion polypep-
tide patterns were characterized (Fig. 6). It was identified that both morpho-
logical variants have the same genome sizes. Furthermore, the subpopulations I
and II detected on all of the studied strains contain DNA with identical Smal-
restriction patterns. Hence we presume, that its DNA packaging according the
headfull packaging mechanism remains constant [17]. In contrast, the virion
polypeptide content of all phage variants has undergone changes in compari-
son to the ones of the subpopulation II. As indicated on the electrophoregram
(Fig. 6) there is significant difference between the two phage types in the rela-
tive content of some polypeptides (probably the major ones) at the while their
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molecular weights remain the same. Therefore, the values of buoyant density
and the data of electron microscopy together with SDS-PAAG definitively con-
firm the change in the physical and chemical properties of the capsid under
the formation of an addition subpopulation within the phage 59 standart pool.
Actually, as shown in Table 2, the changes do not affect the tail size, its linear
length probably remain constant. We cannot be sure, however, that there are no
structural changes in baseplate of the SPI-particles. The pleiotropic effect re-
lated to the populational heterogeneity and variations of such key indicators of
lysogeny as the frequency of lysogenization and spontaneous induction counts
in favor of such changes (Table 1). On the other hand, the previous findings
indicate that the related phages 59 and 49 except the baseplate are assembled
with the same proteins [17]. It should be noted that the interconnection between
the structure of a virion and a manifestation of lysogeny was first observed in
this paper.

It has been shown recently that, under particular conditions, vir-mutants
of phage ZF40 Pectobacterium carotovorum subsp. carotovorum are able to
produce two types of capsids with diameters of 60.3 and 65.0 nm [4]. This dif-
ference is close to the one in case of the phage 59 subpopulations. Hence, the
described phenomenon of the population heterogeneity may have analogies for
other bacteriophages of phytopathogenic bacteria.

The reasons for the occurrence of an additional phage particle set within the
phage 59 population remain unclear. It may be supposed that the morphological
heterogeneity may be caused by changes in the phage genes as well as by the
conditional changes of the infection process. One should not also exclude that
the new subpopulation appears as a reaction of the pseudolysogenic system
E. horticola to the infection by a homologous phage 59. Thus, the system in-
cluding E. horticola — temperate phage 59 should be considered not only from
the physiological side but also in relation to genome organization of both the
bacteriophage and its host.

The authors express their sincere appreciation to Dr. A.I. Kushkina,
Dr. N.A. Korol, Dr. L.V. Romanyuk, and 1.V. Faidiuk for their assistance in
conducting research.
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MOP®OJIOTTYHA TETEPOI'EHHICTD ITIOMIPHOT' O EPBIHIO®ATA 59

PeswmMme

Jana crarTs npucBsiueHa (peHOMEHY MOP(OJIOTTYHOT reTepOreHHOCT] MOMYJISILIT YaCTOK
TIOMIpHOTO epBiHiodara 59, sika He Mae aHAJIOTIB cepel iHIMX BipyciB Oakrepiil. MeTta
po6oTu. JlociimKeHHs] OCHOBHUX XapaKTepHCTHK reTeporeHHoi nomyssinii ¢gara 59 awmi-
JoBopononionoi 6axrepii Erwinia “horticola” (Eho), orpumanoi B yMoBax iH(piKyBaHHS
HUM KIIITHH Pi3HUX 130TeHHUX Oaktepiii-xa3sfiB. Mertomm. s oTpuMaHHs epBiHiodara
59 BUKOPUCTOBYBAJIM HOTO TpaauLiiHOTO Xa3siiHa £ho 450, Tpy i130T€HHI IITaMH, 8 TAKOX
onmuspkocopigHeny Oakrepito E. “horticola” 60. s mocmimkeHHs (Hi3HKO-XIMI4HUX
BIIACTUBOCTEH YacTOK 3aCTOCOBYBAIH IeHTpH(yTyBaHHS B rpagienTax CsCl, exekrpodo-
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pe3 4acToK B arapo3HUX Iejsix, eJICeKTPOHHY MIKPOCKOIII0, pecTpuKLiiHuii ananiz JJHK
i SDS-ITAAT -enexrpodopes BipionHnx nominenTtuais. PesyabraTu. [lokazano, mo npu
po3mHOkeHHI Ha Eho 450 His3 Ta fioro i3oreHHuX mramax, a Takox Ha Eho 60, myn no-
MipHOTO (hara 59 € reTepOreHHOIO MOMYJIAIIETD, KA CKIAIA€ThCS 3 JIBOX TUIIB yacTok. L{i
THITH SIBJISFOTHCS TUCKPETHUMH 1 BIZPI3HSAIOTHCS 3a TIaBy4oro0 TycTruHO0 Ha 0,02 r/cM?, 110
JI03BOJISIE 130JIFOBATH OKPEMi CyONOMyJIsIIii IS IETAIBHOTO JTociipkeHHs . CyOnomysimito
3 OLJIBIIOO T'YCTHHOIO YaCTOK 1IeHTH(DIKYBaIH SIK ayTeHTHYHUI O6akTepiodar 59 (cyonory-
nanis 11 3 miamerpom karcumy 55,36 am). JliaMeTp Kancuay 9acTok cyomomymsarii I cxma-
nae 51,16 am. BeranosneHo, 1o o0u/1Ba TUIN 9acTOK HE BiPi3HsIOTHCs 3a po3mipoM JJTHK
Ta MarOTh OJIHAKOBI PECTPUKIIIIHI y30pH. 3a XapakTepoMm rarepHa Smal-pecTpukiiii MoKHA
3poOUTH BEUCHOBOK IIIOJI0 HE3MIHHOCTI YIAKOBKH (haroBOr0 TeHOMAa B KalCuJ, IO 3/ii-
cHroeThes 3rimHo headfull- mexanizmy. Onnak cyonomyssist I BiApi3HAETHCS BiJ BUX1IHOT
BIJIHOCHMM BMICTOM JESKUX BIPIOHHHUX MOJIIIETITHIIB IIPH CTAIOCTI iX MOJICKYJIIPHUX Mac.
HixaBumM € Te, mo cyomomyrsarii I i I MatoTh pi3HI MOKAa3HWKM YacTOTH JIi30TeHi3amii Ta
Ji3oreHHoi iHayKuii. BucHoBKH. Briepiie BusiBIEHO HE3BHYaHUIA THIT MOPQOIOTIHHOT
reTepOreHHOCT] YacTOK MOMIpHOro epBiHiodara 59, sika MPOSBIISETHCS B HASSBHOCTI JIBOX
eKBIMOJISIPHUX CyONOITyIIAMiN 3 pi3HUMH (i3UKO-XIMIYHIMH TTapaMeTpaMH 4acTok. [ ete-
POTEHHICTh MOIYJIALIi, X04 1 CTOCYETHCS (ParoBOTO KaIlCHILy, CYTTEBO BiAPI3HIETHCS Bij
takoi y koxiidari T4 1 P1, a Takox darosoi cucremu P2—P4.

KniogoBi c o Ba:noMipauii epBiHiodar 59, MmopdororidHa reTeporeHHicTh
¢arooi momyssnii, Gi3MKo-XiMiYHI BIACTHBOCTI 4acTOK, pecTpukiiitanii anamiz JJHK,

JII30TeHIs.
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MOP®OJOI'NYECKAS TETEPOTEHHOCTDb YMEPEHHOI'O
IPBUHHUO®PATA 59
PeszwmwMme

Jannas cTaThs nocsieHa peHoMeHy Mop(hOIOTHIECKON TeTEPOTeHHOCTH TIOTTYIISIIIN
YaCTHI yMEPEHHOT0 3pBHHHO(Aara 59, KoTopast He UMEET aHAJIOTOB CPEJU APYTUX BUPYCOB
Oaxtepwuii. Llesb padoThl. M3yueHrne 0CHOBHBIX XapaKTEPUCTUK TeTEPOTEHHOMN MOMYIISITUN
(ara 59 ammnmoBopononoOHoit Oakrepun Erwinia “horticola” (Eho), OTy4eHHON B yC-
JIOBUSIX MHMUIIMPOBAHUS UM KJIETOK Pa3JIMYHBIX H30TCHHBIX OaKTepHii-xo3seB. MeToasl.
st monmydenust spBuHUO(ara 59 UCronb30Balcs €ro TpaAUIMOHHbIN X03auH Eho 450,
TPH M30TECHHBIX ITaMMa, a TakKe Onm3koporcTBeHHast Oakrepus E. “horticola” 60. Jlns
ucclieoBaHus (PU3NKO-XUMHYECKUX CBOMCTB YacTUI] MPUMEHSIIHN LEHTpU(YTrupoBaHue
B rpaauentax CsCl, anekTpodopes gacTuIl B arapo3HbIX Telisix, SIEKTPOHHYI0 MUKPO-
ckoruto, pectpukinonueiid ananu3 JJHK n SDS-ITAAT -anexTpodope3 BUPHOHHBIX TT0-
surnentuioB. Pesyabrarel. [Tokazano, uto npu pasmHokenun Ha Eho 450 His3 u ero uso-
TeHHBIX IITaMMax, a Takxke Ha Eho 60 myn ymepeHHoTo ¢ara 59 sBisercs reTeporeHHOn
TIOMYIISIIAEH, KOTOpast COCTONT U3 ABYX THIOB YaCTHIL. DTH THIIBI SIBISIIOTCSI TUCKPETHBIMA
U Pa3NUyarTCs Mo riaByyei miotHocTr Ha 0,02 r/cM?, 9TO MO3BOISET H30JIHPOBATH OT-
JIETbHBIE CYOITOMYIISIIIAN TSI AETaTbHOTO N3ydeHus . CyOnomymnsiuio ¢ O0bIIeH MI0THO-
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CTBIO YaCTHIl HACHTH(UIIMPOBAIM KaK ayTeHTHYHbIH Oakreprodar 59 (cyonomyssimms 11
¢ TuaMeTpoM Karcuna 55,36 aM). JlmameTp Karcuaa 9acTull cyomomysun | cocrapmiser
51,16 uM. YcraHOBIICHO, YTO 00a THIIA YAaCTHI] HE oTIM4atoTcs 1o pasmepy JHK u nme-
10T OIMHAKOBBIC PECTPUKIMOHHBIE y30phl. [lo Xapakrepy marrepHa Smal-pecTpukuun
MOYKHO 3aKJIFOYUTh O HEM3MEHHOCTH YIIAKOBKH (haroBOro reHoMa B KarlCHJ, KOTopas Ipo-
ncxomut no headfull-mexanmsmy. Oxnaako cyonomynsinust I oTiyaercst OT UCXOXHOH MO
OTHOCHUTEIIBHOMY COACP KaHUI0 HEKOTOPHIX BUPHOHHBIX MOJHUIENTHIOB IIPU TIOCTOSHCTBE
WX MOJICKYIISIPHBIX Macc. VIHTepecHBIM sBisieTcs To, 4To cyormonymsanuu [ un 11 umerot
pa3Hble IOKa3aTeNU YaCTOThI IM30TE€HU3AUN U TU30r€HHON HHIYKIUKA. BeiBoabl. Briep-
BbI€ OOHApyKEH HEOOBIUHBII THI MOP(OIOTHYECKOM ITeTepPOreHHOCTH YaCTUL] YMEPEHHOTO
spBuHHOpara 59, koTopast HPOSBILETCS B HATMIUHU JBYX SKBUMOJISIPHBIX CyOTIOMYIISAIIIA C
Ppa3nnuHBIME GU3UKO-XUMHYECKUMH ITapaMeTpaMHy YacTHIl. [ eTeporeHHOCTh NOMYJIISIINY,
XOTS U 3aTparuBaeT (haroBblid KarCK/, CyIEeCTBEHHO OTIMYAETCsI OT TAaKOBOH y Ko daros
T4 u P1, a Taxoke ¢arooii cuctemsr P2—P4.

KniogeBbsle cuoBa: ymepeHHsli spBruHnOGpar 59, mopoiornieckas rerepo-
TeHHOCTb (paroBoii momysiuu, GU3MKO-XMMUYECKUE CBOWCTBA YaCTHL, PECTPUKIIMOHHBIN

ananmu3 JIHK, mu3orenms.
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