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The aim. To develop a new nutrient medium for the biosynthesis of extracellular
lectin strain Bacillus subtilis IMB B-7014; to study changes in biomass and pH values,
accumulation of protein metabolites in the culture fluid (CF) and in its foamed frac-
tion under separate batch cultivation of the R and S morphotypes of the strain in the
developed medium. Methods. Microbiological, biochemical, immunological. The se-
lection of the source of inorganic nitrogen (ammonium citrate, ammonium nitrate, am-
monium sulfate, glycine) was performed using the base medium of the following com-
position, g / I: galactose — 10.0, yeast extract — 2.0; K,HPO, - 0.70; KH,PO, - 0.30;
NaCl - 0.50; MgSO,7H,0 — 0.50; CaCl,-6H,0 — 0.10; FeSO,/7H,0 — 0.005; CoCl,
60H,0 — 0.005; MnSO 4H,0 — 0.005; pH 7.0. Lectin activity (LA) of the CF of both mor-
photypes of the strain evaluated by the level of hemagglutination activity of its supernatant
with rabbit erythrocytes. The molecular weight of the protein elements was determined in
a denaturing system (SDS-PAGE). Results. The highest values of LA of the CF observed
using ammonium sulfate. Differences in the dynamics of changes in optical density and
PpH of the CF during batch cultivation of the R and S morphotypes of the strain not ob-
served, whereas the LA of the R morphotype CF was higher. Major and sub-major protein
components with a molecular weight of about 50 and 73 kDa, respectively, found in the
CF and in its foamed fraction of both strain morphotypes. A unique component with a
molecular weight of 64.5 kDa was present in the foam. A component with a molecular
weight of 84 kDa was present on the electrophoregrams of the CF R and S morphotypes in
an insignificant amount, but was absent in the foam fraction. A sub-major component with
a molecular weight of 43 kDa of a foam fraction found in the CF S and R morphotypes in
trace amounts. The foam fraction characterized by a large presence of protein components
due to their transition from the CF. Conclusions. The LA of the CF R morphotype was
higher than for the S morphotype. The foam fraction contained more protein components
than the CF.

Keywords: Bacillus subtilis, R and S strain morphotype, nitrogen source, extracellular
lectin, culture fluid, foam, protein components.

Lectins are a heterogeneous group of proteins and glycoproteins that can
bind carbohydrates selectively and inversely without any changes in their
chemical structures [1-3]. They are play a leading role in the processes of
carbohydrate-protein recognition, present in all biological systems and have
a wide range of medical and biological activities. In particular, the study of
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extracellular lectins (EL) of saprophytic aerobic bacteria of the genus Bacillus
was started more than 30 years ago at the Zabolotny Institute of Microbiology
and Virology of NAS of Ukraine.

These EL are thermostable metal-independent glycoproteins with molecular
weight (MW) in the range of 40-55 kDa, resistance to pH fluctuations of
the medium and the detergents’ action, and a long-term storage. They are
inducers of synthesis of gamma-interferon, active inhibitors of adsorption and
reproduction of influenza viruses, herpes, hepatitis C and HIV and selectively
act on tumors of various origins [4, 5-9]. Due to these properties, the EL have
broad possibilities for their use in various fields of medicine and biology
[2, 3, 5-10].

According to the method of obtaining of EL from Bacillus subtilis strain
IMV B-7014 these bacteria were cultivated in the Gause N2 liquid medium
specifically modified for the synthesis of EL by replacing glucose (10 g/L) by
galactose using shaking flasks. This medium contain high-value sources of
organic nitrogen: Hottinger’s tryptic meat digest and peptone [2]. However,
the process of growing a producer in a laboratory fermenter is accompanied
by a significant loss of foamed culture fluid (CF) caused by the continuous
injection of air into its thickness (deep aeration) and is very problematic.
The use of some antifoaming agents (defoamers) in the fermentation process
gives the opportunity to control the foam level but subsequently prevents EL
sedimentation with ammonium sulfate from the cell-free CF. As a result, after
centrifugation, it was formed an upper oily layer of defoamer molecules which
are tightly linked to the EL.

It is known that some microorganisms are capable of forming different
morphological types during the growth. These morphotypes may differ from
each other in their biological characteristics as well. This phenomenon is known
as polymorphism and is especially common among bacteria [11]. It is believed
that the polymorphism is a response of the bacterial population to constant
fluctuations of the environment conditions and thus is an important adaptation
strategy [12, 13]. Such variations increase in response to the restriction or
alteration of bacterial culture conditions: temperature, pH, oxygen level,
components of the growth medium can induce changes in the cell and colony
morphology [14]. Thus, the phenotypic feature of the strain B. subtilis IMV
B-7014 during growth in a solid medium is the dissociation on R (rough) and
S (smooth) morphotypes. The technology of obtaining of the EL involves the
use of the R type morphological variant. Alteration of the medium composition
and the conditions of cultivation of this strain leads to the rising of the
dissociation and the frequency of the S morphotype formation.

The aim of this study were to develop the composition of the new nutrient
medium to reduce the cost of obtaining the final product — the EL of Bacillus
subtilis strain IMV B-7014 and to study the features of it synthesis and
accumulation by different strain morphotypes during their periodic cultivation
in a new optimized medium in laboratory fermenters.

Materials and methods. In this work, the saprophytic strain B. subtilis

IMV B-7014 deposited in Ukrainian collection of microorganisms of IMV
NASU was used. This strain was isolated from a gastrointestinal tract of
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healthy newborn calve. The inoculum was obtained by growing the strain
on the Gromyko (MPA: wort-agar = 1:1) agar medium slopes at 37 °C for
24 hours and was standardized to the optical density of 1 x 10° cells / ml.

The growth intensity and the ability to synthesize the EL by the strain
B-7014 were investigated by its cultivation in a new semisynthetic liquid me-
dium containing relatively cheap sources of nitrogen such as ammonium cit-
rate, ammonium nitrate, ammonium sulfate, glycine, diammonium phosphate
and urea. The growth medium consists of (g/L of tap water): nitrogen source —
0.5/ 1.0/ 2.0 (by the amount of nitrogen); galactose — 10.0; yeast extract —
2.0; K,.HPO, - 0.70; KH,PO, — 0.30; NaCl - 0.50; MgSO,-7H,0 — 0.50;
CaCl,-6H,0 - 0.10; FeSO,-7H,0 - 0.005; CoCl,-6H,0 — 0.005; MnSO,-4H,0 —
0.005. The medium was prepared as the separate stock solutions of galactose,
potassium dihydrogen phosphate and potassium hydrophosphate. The other
components were dissolved in the rest of the water. The solutions were
sterilized 30 min at 121°C and combined before using. The pH of the prepared
media after sterilization was 7.0 + 0.1. In all cases the modified Gause N2
liquid medium with galactose [2] served as control. Cultivation of the strain
B-7014 was carried out on rotary shakers (160 rpm) in Erlenmeyer flasks
(V =750 ml, a working volume of inoculated liquid medium 100 ml) at 37°C
for 24 hours as well as in laboratory fermenters.

The colonies of R and S morphotypes of the producer were obtained
during scattering of B-7014 strain on Petri dishes containing Gromyko agar
medium. The growth of these morphological morphotypes of the bacteria
and the synthesis of EL were investigated under batch conditions at 37 °C for
18-21 hours in two laboratory fermenters Biotec (Sweden) (a total volume is 4.0 L
and a work volume is 2.5 L of a medium). The medium was heated to 37 °C
and inoculated with 6% (v/v) bacteria suspension grown in the control medium
[2] in Erlenmeyer flasks under conditions mentioned above. The cultivation
was carried out at the aeration of 0.2 L - L' - min™! and the stirrer speed
350 rpm (oxygen transfer rate sulfite number — 0.45+0.02 g O, - L' - h™').
This regime has been previously developed in order to avoid significant losses
of CF to the foam.

Emissions of the foamed CFs of the R and S strain morphotype that occurred
during fermentation were collected and accumulated in 5-liter bottles for the
further analysis.

The CF was sampled from the fermenters every 3 hours for the pH (I-160M
ionometer) and optical density (photocolorimeter KFK-2, 4 — 540 nm, / —
3 mm) determination. The intensity of the EL synthesis was estimated by
the level of hemagglutinating activity (HAA) of the CF supernatant (2500 g,
15 min) with rabbit and sheep erythrocytes. HAA was determined as the last
dilution during which hemagglutination reaction (HAR) was still observed. It
was expressed as HAR titer™' or log, of HAR titer !, where 1 log, titer ' HAR
is equal to 2 hemagglutinating units (HAU), 2 log, HAR titer' =4 HAU,
3 log, HAR titer' = 8 HAU, etc. [15]. The MW of the protein elements in the
samples of EL isolated from the CFs of R and S morphotypes of the strain and
the foam fraction from the R morphotype was determined by the method of
polyacrylamide gel electrophoresis in the presence of SDS (SDS-PAGE).
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Results. It was found that the investigated strain most effectively synthesized
EL in the presence of ammonium sulfate in the amount of 1.0 g of nitrogen
per 1 liter of medium, and the intensity of foam formation in this medium was
lower than in the control medium (Fig. 1).
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Fig. 1. CF hemagglutinating activity of B. subtilis IMV B-7014 on semisynthetic
media with different sources of nitrogen (1g N/L): 1 — ammonium nitrate,
2 — ammonium citrate, 3 — glycine, 4 — ammonium sulfate, 5 — modified Gause N2
with galactose (control).

The application of a new growth medium with an optimized aeration regime
in the cultivation process allowed to reduce significantly the loss of CF in the
foam.

We found that the R and S morphotypes of this strain did not show any
differences in the dynamics of biomass accumulation and pH values during
their cultivation. At the same time, there was a tendency to increase the HAA
level in the supernatant of the R morphotype (Fig. 2).
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Fig. 2. Dynamics of changes in optical density (OD_, ), pH and HAA of the CF during

the cultivation of R and S morphotypes of Bacillus subtilis IMV B-7014 on
a semisynthetic medium with ammonium sulfate (1 g/L as nitrogen)
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Later, an electrophoretic study of molecular forms in EL samples obtained
from the supernatants of the CF of the R and S morphotypes of the strain after
their cultivation in laboratory fermenters, as well as from the accumulated
emission of the R morphotype foam after it settling was carried out. It was not
possible to isolate the EL sample from the settled emissions of the S morpho-
type foam due to its very limited amount.

Subsequently, it was investigated electrophoretic spectra of EL molecular
forms of the B. subtilis IMV B-7014 R and S morphotypes and the peculiarities
of their distribution between the CF and the foam fractions formed during
the cultivation of the producer in the semisynthetic medium in laboratory
fermenters (Fig. 3, 4). For comparative analysis of the EL composition were
used densitograms obtained from the digital image of gels.

It was detected 10—16 protein bands with MW from 20 to 85 kDa. There
were major, sub-major and trace components. The protein bands with MW
less than 19 kDa were believed to be a front of protein elution. Only one
major component with a molecular weight in the range of 50.5-52.5 kDa was
identified on the electrophoregrams of the EL isolated from the CF variants
obtained after the submerged cultivation of the S and R morphotypes of the
colonies, as well as the R morphotype foam fraction.

The MW of the sub-major component also detected in all EL fractions
was about 73 kDa. While a compound with MW of about 43 kDa was found
in sub-major quantities in the foam fraction, being present only in trace
amounts in S and R morphotypes colonies. In addition, a unique component

Molecular Weight (kDa)

19,000 +

Fig. 3. Molecular forms of extracellular lectin isolated from the CF variants obtained
after the submerged cultivation of the R morphotype (1), S morphotype (2) colonies and
from the R morphotype CF foamed fraction (3) of Bacillus subtilis strain IMV B-7014.
Electrophoresis in SDS-PAAG system
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(MW 64.5 kDa) was found in the foam electrophoregram which was not
detected in the electrophoregram of EL from S and R morphotypes colonies.
The trace amounts of a separate component with MW about 28 kDa and a
complex with MW 31-35 kDa were also detected on the EL electrophoregrams
from all fractions (S, R morphotypes of colonies and the foam). The component
with MW about 84 kDa was present on the electrophoregrams of the S and
R morphotype colonies in a small amount.
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Fig. 4. Legend on the next page 9.
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Fig. 4. Densitograms of molecular forms of extracellular lectin from CF of different
morphotypes of Bacillus subtilis IMV B-7014: M — markers, 1 — R morphotype,
2 — S morphotype and 3 — foam (R morphotype)

Discussion. Thus, a submajor component with MW near 64.5 kDa was
detected in the foam fraction while it was absent in CF of S and R morphotypes
colonies. This appearance may be explained by transition to the foam and
association of low MW components, which might be responsible for the
creation of carbohydrate-binding centers of EL. On the contrary a component
with MW of 84 kDa was present in the S and R morphotypes colonies but was
not registered in the foam fraction. At the same time, the 43 kDa compound
was detected in all three variants of EL showing different quantities, being
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in small amount in CF of S and R morphotypes colonies and in considerably
higher quantity in the foam fraction. It can be assumed that present in the CF
of the S and R morphotypes 43 kDa component, possibly aggregating with
the formation of 84 kDa compound there, could pass to the foam without the
formation of the aggregate reducing the potential of the carbohydrate binding
properties of the given EL. Consequently, the disappearance of lectin activity
during foaming can be explained by the transition of molecular forms of the
EL from the CF to the foam.

Phenomena of polymorphism is well studied for lactic acid bacteria because
of their high industrial value. In particular, it was shown for Lactobacillus
farciminis CNCM 1-3699 the presence of colonies of S and R morphotypes in
the bacterial population with the ratio depending on the cultivation conditions
[16]. The performed enzymatic and molecular genetic studies did not reveal
significant or even insignificant differences in these two strain variants, but
microscopic studies revealed significant differences in the morphology of
R and S types of cells. The subsequent biochemical analysis of capsular
polysaccharides explained this difference [14].

The revealed differences in the cell morphology and R and S morphotypes
of colonies determine their aggregation and adhesion properties. It was shown
the presence of different morphotype-specific surface proteins for Lactobacillus
brevis ATCC 14869 (Slp): SlpB and SlpD for the R variant and SlpB for the
S variant of the strain [17]. The presence of the exopolysaccharide layer on the
cell surface was shown for S-type of the strain L. farciminis CNCM 1-3699. It
caused a decrease in aggregation and adhesion properties of the S type colonies
compared to the R variant of this strain [16]. Thus, the reduction of the lectin
activity in the CF of the S morphotype of B. subtilis IMV B-7014 compared to
the R morphotype may have a similar explanation.

Thus, the composition of the semisynthetic growth medium containing
ammonium sulfate as a nitrogen source for synthesis of the EL by B. subtilis
IMV B-7014 strain was developed.

The producer cultivation on this medium under optimized aeration and
stirring regimes in laboratory fermenters allowed to reduce a loss of foamed CF
and EL consequently. It allowed to obtain comparable level of the EL synthesis
close to the values obtained on the control Gause medium.

There were no differences in biomass and pH revealed during the growth
of R and S morphological types of this strain. The lectin activity in absolute
values for the CF of R morphotype bacteria had a tendency to exceed the
S morphotype lectin activity. The foam fraction had larger quantity of the
major and the minor components. The components with MW about 43 and
65 kDa probably play a key role in the formation of the carbohydrate binding
properties of the EL, since in the event of their transition to the foam fraction
there is a sharp drop in the level of the hemagglutinating activity of the EL
considered here.
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Pesome

Meta. Po3poOuty HOBE )KHUBHIIbHE CEPEIOBHILIE JUIsl O10CHHTE3Y [MO3aKIITHHHOTO JIEK-
TuHy mramy Bacillus subtilis IMB B-7014; BuBunTH 3MiHN 3HaYeHb Oiomacu i pH, Hako-
MTMYCHHS OLTKOBHX METa0OoMITIB ¥ KynbTypanbHii pinuai (KP) i B ii cmineHi#t ¢paximii mpu
PO3IUIBHOMY TIEpiOIMYHOMY KyibTHBYBaHHI R 1 S Mopdorumis mramy y po3poGieHoMy
cepenosuiii. Meroau. Mikpo0Oiosorivni, 0ioxiMivHi, imyHosoriuni. [TinGip mxeperna He-
OPTaHIvYHOTO a30Ty (IIUTPAT aMOHII0, HITPAT aMOHIf0, CyTb(aT aMOHI0, IITIIIKH ) TIPOBOIMIIH
3 BUKOPHCTAaHHSIM 0a30BOT0 CEpe0BHIIA HACTYITHOTO CKJIay, I/ ranakrosa — 10,0; apix-
mxoBui exctpakt — 2,0; K HPO, - 0,70; KH,PO, — 0,30; NaCl - 0,50; MgSO,-7H,0 —
0,50; CaCl,-6H,0 — 0,10; FeSO,-7H,0 — 0,005; CoCl,-6H,0 - 0,005; MnSO,-4H,0 —
0,005; pH 7,0. JlektunoBy aktuBHICcTH (JIA) KP MopdoTumis mramy oniHoBaIM 3a piBHEM
reMarTioTHHYI0Y0T aKTHBHOCTI 11 CyllepHATaHTy 3 EPUTPOLIMTAMH KPOJsl. MoJIeKy sIpHY
Macy OLTKOBHX €JIEMEHTIB BU3HAYaJM B JeHaTypytodiii cuctemi (SDS-PAGE). Pe3yasTa-
TH. Haiiumi 3nauenns JIA KP Bigmivanu npu BUKOpUCTaHHI CyabdaTy amoHiro. Biamin-
HOCTeH B JMHAMIILIl 3MiH ONTHYHOI miinbHOCTI 1 pH KP nipu nepiogndHoMy KyJabTHBYBaHHI
R i S mopdoTumiB mramy He cnoctepiranu, B Toit ke gac JIA KP R mopdorumy Oyna
Buie. MaxopHuH 1 CyOMa)KOpHHI KOMIIOHEHTH 3 MOJIEKYJISIPHOIO Macoro oiu3bko 50 173
k/la Bimnosigno Busineni B KP Ta y 11 minHi# ¢paxuii 000x MopdoTuriB mramy. Y miHi
OyB MPHUCYTHIN YHIKATHHAN KOMIIOHCHT 3 MOJICKYIIApHOIO Macoro 64,5 k/la. KommoHeHT 3
MoJIeKyJIsipHOI0 Macoto 84 k/la OyB rpucyTHiit Ha enekTpodoperpamax KP S i R mopdoru-
IiB y He3Ha4Hi# KiJIbKOCTI, ane OyB BifcyTHiH y ¢paxiii minn. CyOMaKOpHHUiT KOMITOHEHT
TiHU 3 MOJIEKyYIsipHOIO Macoro 43 k/la OyB BusBnernuit y KP S i R mopdoTumiB y crinoBux
KiJbKoCTAX. PpaKiis MHK XapakTepru3yBajiach OUIBIION IPUCYTHICTIO BCIX OCHOBHUX O1JI-
KOBHX KOMITOHEHTIB BHACIII0K iX niepexoay 3 KP. BucnoBku. 3nadenns JIA KP R dopmu
mraMy Oyao BUIINM, HDK y S popmu. @pakiiist mHA MicTHIA O1TbIIIe OCHOBHUX O1TKOBUX
KOMIOHEHTIB, HiXK KP.

Kniouosi cnosa: Bacillus subtilis, R Ta S MmopdoTun mramy, Ixepeno a3oTy, o3aKii-
TUHHHHN JIGKTUH, KyJIbTypaJibHa pPinHa, MiHa, O1TKOBI KOMIIOHCHTH.
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Pesome

Lean. Pa3paboraTte HOBYIO MHUTATEIBHYIO Cpey s OMOCHHTE3a BHEKIIETOYHOTO
nexktuHa mramma Bacillus subtilis UMB B-7014; u3yuuTh U3MCHCHUS 3HAYCHUIN OWO-
Macchl U pH, HakomeHns OSNKOBBIX METabO0NUTOB B KyabsTypansHOU kuakoctu (KXK) n
B €¢ BCIICHCHHOHN (ppakIuu MPHU pa3felbHOM IMePUOAMYSCKOM KYIBTHBHPOBAaHUH R U S
MOPQOTHITIOB IITaMMa B pazpaboTanHoi cpene. Metoabl. MukpoOuoiornieckue, ouo-
XUMHYECKUe, IMMyHoorndeckue. [1ondop ncTouHrnka HEOPTaHUIECKOTO a30Ta (IUTPAT
aAMMOHUS, HUTPAT aMMOHUS, CyTb(aT aMMOHWUS, TIHIKH) TPOBOIWIHA C UCIIOTH30BAHH-
em 0a30BOM CpeJibl CIIEAYIOIIEro COCTaBa, I/ rajnakro3a — 10,0; ApokKeBOW IKCTPAKT —
2,0; K,HPO, - 0,70; KH,PO, — 0,30; NaCl — 0,50; MgSO,-7H,0 — 0,50; CaCl,-6H,O —
0,10; FeSO,-7H,0 - 0,005; CoCl,-6H,0 — 0,005; MnSO,-4H,0 - 0,005; pH 7,0. Jlextn-
HOBYI0 akTUBHOCTH (JIA) KK MopdoTnnos mraMma oleHHBaJIM 110 YPOBHIO Te€Marmiio-
TUHHUPYIOUIEH aKTUBHOCTH €€ CyIepHAaTaHTa C IPUTPOIMTAMHU KPOIHKa. MONEKyIIpHYIO
Maccy OEJKOBBIX 3JIEMEHTOB ONpEAeIsUN B JieHaTypupytomiei cucreme (SDS-PAGE).
Pesynbrarpl. HauBbicmue 3nauenus JIA KK ormeuanu npu ncnonb30BaHUM Cyibga-
Ta aMMOHUs. Pa3nuunii B quHaMuke n3MeHeHui ontuueckor miotHoctd U pH KK mpu
MTePUOANYCCKOM KYIBTUBUPOBAaHUH R U S MophoTHITOB mTaMMa He HaOIIOma I, TOraa
kak JIA K)XX R mopdoruna Obuta Beimie. MasKopHBIH U cyOMasKOPHBIH KOMIIOHEHTHI C
MOJIEKYIApHON Maccoi okoio 50 u 73 x/la coorBeTcTBeHHO 0OHapy)eHsI B KK 1 B ee
MeHHOH (pakuuu 06oux MopdoTUIOB mTamMma. B 1meHe MpHCyTCTBOBAN YHHUKAIBHBIH
KOMITOHEHT ¢ MOJIEKYJIsipHON Maccoi 64,5 x/la. KoMIoHeHT ¢ MosieKyIsspHOH Maccoi
84 x/la mpucyrcTBoBan Ha smekTpodoperpammax KXK R n S mopdorunos B HesHaun-
TETHHOM KOJHMYECTBE, HO OTCYTCTBOBAT BO (hpakiuu neHbl. CyOMaKOpHBIH KOMIOHEHT
MICHBI ¢ MOJIEKYJIsipHON Maccoit 43 k/la BesiBiieH B KK S u R mopdotumios B ciemoBbix
Kom4yecTBax. Opakuus MeHbl XapaKTepPH30BaIach OOJBIIMM MTPUCYTCTBHEM BCEX OCHOB-
HBIX OETKOBBIX KOMIIOHEHTOB BeiieacTBUe ux nepexona u3 KXK. BeiBonbl. 3naucHne JIA
KK R mop¢oruna mramma Ob110 BhIIIE, 4eM y S MopdoTtuna. @pakiys neHsl copepxaa
0OJIBIIIE OCHOBHBIX OEJIKOBBIX KOMITOHEHTOB, yeM KOK.

Knioueswvie cnosa: Bacillus subtilis, R u S MopdoTun mramma, ACTOYHUK a30Ta, BHE-
KJIETOYHBIHN JIEKTUH, KYJIBTYPaIbHAs JKHIIKOCTb, IIEHa, OCJIKOBbIE KOMIOHEHTHI.
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