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Dear Colleagues,

Here is the first issue of the volume 31 of Acta Microbiologica
Bulgarica. After the publication of volume 30", a break of more than
20 years followed, due to the individual striving and the requirement
of the research organizations in our country for publishing in

international journals possessing impact factor. Besides, the

economic situation reflected strongly on the science in this country.
Nevertheless, the development of our science continued. Moreover,
we initiated the establishmenet of the Balkan Society for Microbiology (BSM) in 1998. This
Society became stronger by embracing microbiological societies of Serbia, Turkey, Greece,
Romania, Montenegro, Albania, Bosnia and Herzegovina, FYROM and Bulgaria and became
an important factor for the development of microbiology in the South-Eastern Europe. The
main activity of BSM was congresses, Microbiologia Balkanica, each two years. Two of them
were carried in Bulgaria, the First in Plovdiv (1999) and the Eight in Veliko Tarnovo (2013).
Thessaloniki will welcome delegates of the consecutive 9" congress this year.

Bulgarian Society for Microbiology (BgSM) was established in 1927, in 1952 being
included in the Union of Scientists in Bulgaria. It carried out regularly national congresses
with a wide international participation every 4 years. The last, 13" Congress was held in
Tryavna in October 2014. Actually, more than 200 Bulgarian microbiologists are members
of BgSM. The idea AMB to be restored as an official of the BgSM gave rise within the society
members as a result of their desire to have a national scientific journal. This journal will unite
the research attainments in all branches of the science microbiology: general microbiology,
medical, veterinary, plant and soil microbiology, virology, mycology, industrial (applied)
microbiology, food microbiology and infectious immunology.

The journal will be edited in English. Its Editorial Board includes leading Bulgarian
scientists and a series of pronounced in the scientific community foreign scientists. The strong
presentation of the achievements of Bulgarian scientists as well as their publishing activity
are guarantee for the success of the Journal.

Let wish a tail-wind and a success of Acta Microbiologica Bulgarica!

Editor-in-Chief

P
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Review
Antibiotic Resistance - a World Challenge

Encho Savov*, Angelina Trifonova, Ivanka Gergova, Maya Borisova, Elena Kjoseva,
Iva Todorova

Department of Military Epidemiology and Hygiene, Laboratory of Microbiology, Military Medical
Academy, Sofia, Bulgaria

Abstract

Antibiotic resistance is a worldwide health problem that continues to increase. The European Union
and World Health Organization declared the rapid development of antimicrobial resistance as one of the
three greatest threats to human health. In this paper are presented current data from literature and data of
our own, concerning the increasing antibiotic resistance in the world. There was registered a significant in-
crease in the proportion of multiresistant bacteria to the main groups of antimicrobials used in the clinical
practice - third-generation of cephalosporins, carbapenems, quinolones, and aminoglycosides. Among the
so-called multidrug-resistant or pandrug-resistant bacteria are Acinetobacter baumannii, methicillin-resis-
tant Staphylococcus aureus (MRSA, multi-drug resistant), extended-spectrum beta-lactamase (ESBL) pro-
ducing Klebsiella species and Escherichia coli, and others. Indication for the significance of the problem
in military settings is the determination of an increase in the number of reported multidrug-resistant A.
baumannii in bloodstream and wound infections in US soldiers at military medical facilities in Iraq, Ku-
wait, and Afganistan. In this context, at the EU-US Summit in November 2009 were made decisions and
developed strategies, which could be better addressed by cooperation between the United States and Europe
for improving of the use of antibacterial drugs.
Key words: resistance, multidrug-resistant bacteria, ESBL-producing bacteria, MRSA, treatment

Pesrome

Pe3ucreHTHOCTTa KBM aHTUOMOTLM € CBETOBEH 3/paBeH npobiem. Crnernuanuctute ot EBpomnei-
ckus cpio3 (EC) u CetoBHara 3apaBHa opranuzanus (C30) nexiapupar, ye 6bp30TO pa3BUTHE HA pe3-
HUCTEHTHOCT KbM aHTUMHUKPOOHU CPEJICTBA € €HA OT TPUTE HAl-TOJIeMHU 3arliaXxy 3a YOBEIIKOTO 31apase. B
HacTosmara padbora mpeacTaBsiMe ChbBPEMEHHH JIUTEPAaTypPHA W COOCTBEHH JIaHHHW 3a HapacTBaIlara pes-
HCTEHTHOCT Ha MpoOiIeMHH 3a OOJHUYHATA MATOJOTUS MHUKPOOPTaHU3MHU KbM aHTUOMOTUIU M XUMHUOTE-
paneBTund. Perucrpupanu ca 3HAYUTENICH OpOH MHUKPOOPTAaHW3MH, PE3UCTEHTHH KHbM OCHOBHH T'PYIH
AHTUMHUKPOOHH CPEJICTBA, U3IOJI3yBAHH ITOHACTOSIIEM B KIIMHUYHATA TIPAKTHKA KaTO TPeTa FeHepaIus 1e-
(banocnopunu, kapoaneHeMu, XHHOJIOHOBY MPOU3BOAHHI M aMUHOTTUTO3u . CrieluaiHo BHUMaHUE 3aciTy-
’KaBaT T.H. MHOXKECTBEHO-PE3UCTECHTHH OaKTepUH, BKITIOUBAIM Acinetobacter baumannii, MeTUITWITHH-PE3-
ucteHTHu Staphylococcus aureus (MRSA), MHOKECTBEHO-pe3UCTEHTHH 1IaMoBe Klebsiella pneumoniae n
Escherichia coli, npogyuupaiiiu mupoko-criekTbpHu 6era-nakramanu (ESBL) u kapbanenemasu. Munuka-
1S 32 3HAYUMOCTTA Ha MpolieMa 3a BOCHHATa MEUIINHA, € U HApaCTBAHETO Opost Ha ChOOIICHHSITA, CBBP-
3aHU C U30JUPAHETO HA MHOKECTBEHO-PE3UCTEHTHHU IAMOBE A. baumannii KaTo MPUUUHUTENN HA CENTHY-
HU CHCTOSTHUS U pPaHEeBH MH(PEKIMU B aMepUKaHCKHU BOWHUUIM OoT Mmucuu B Upak, KyseiiT u Adranucran.
B to3u cmuchi, Ha cpema Ha ,,Bbpxa” mipe3 2009 . mexay npencraButenu Ha EBpomneiickus cpio3 u CAILLL,
ce B3eMa pellleHue 3a ObJeIIN CTPATEerny, HACOYCHH KbM KOOIEpHpaHEe YCUJIUATA Ha CIEUUATUCTUTE 32
ontuMusupane 6opbara ¢ heHoMeHa aHTUMUKPOOHA PE3UCTEHTHOCT.

*Corresponding author/present address: Dept. of Military Epidemiology and Hygiene,
Laboratory of Microbiology, Military Medical Academy,

Sofia 1606, 3 “G. Sofiyski” Str. Bulgaria

Telephone number: 0035929522773; E-mail address: savove@yahoo.com (Encho Savov)



The era of antibiotics is drawing to a close.
In just a couple of generations, what once appeared
to be miracle medicines, have been beaten into
ineffectiveness by the bacteria, they were devel-
oped to knock out. Once, scientists hailed the end of
infectious diseases. Now, the post-antibiotic apoca
lypse is within sight. Sarah Boseley, The Guardian,
UK. In 2009, the World Health Organization
(WHO) declared that antibiotic resistance is one of
the greatest threats to health on a global scale (Ka-
plan et al., 2013).

Introduction

Antibiotic resistance is a worldwide public
health problem that continues to grow. When pen-
icillin became widely available during the World
War II, it was a medical miracle, rapidly vanquish-
ing the biggest wartime killer - infected wounds.
But just four years after drug companies began
mass-production of penicillin in 1943, microbes
began to appear in a way that could resist it. The
first microorganism to battle penicillin was Staph-
vlococcus aureus (Lewis, 1995). Another type of
penicillin resistant pneumonia, caused by Strepto-
coccus pneumoniae surfaced in a remote village
in Papua New Guinea in 1967. American military
personnel in Southeast Asia were acquiring peni-
cillin-resistant gonorrhea from prostitutes (Lewis,
1995) at about the same time. A hospital-acquired
intestinal infection caused by the bacterium En-
terococcus faecium joined the list of microorgan-
isms that outwit penicillin in 1983. At present, re-
sistance increased to a number of commonly used
antibiotics. We have come to point certain infec-
tions (Acinetobacter baumannii infections) in the
1990s, that we do not have agents available for. Ac-
cording to the report in the New England Journal
of Medicine from April 28, 1994, researchers have
identified bacteria in patient samples that resist all
currently available antibiotic drugs (Lewis, 1995).
The data from the European Union shows that 25
000 deaths per year were attributed to infections
caused by antibiotic-resistant bacteria, of which
66% were Gram (-) bacilli. The total number of
additional hospital days required for treatment of
resistant bacteria is 2.5 million days per year at a
cost of 1.5 billion euros (www. medscape.com/
viewarticle/717606-3).

The aim of this study is to present current
data about the resistance and multiresistance of
bacteria, which are problematic for human health,
to antimicrobials, their behavior in the infections
and the strategies for improving of their treatment.

Bacterial Resistance Weaponry

The most serious, life-threatening infections
are caused by a group of drug-resistant bacteria that
the Infectious Diseases Society of America (IDSA)
has labeled the ,,ESKAPE®“ pathogens, because
they effectively escape the effects of antibacterial
drugs. Table 1. (http://www.medscape.com)

Enterococcus sp. infections

Enterococci are intrinsically resistant to a
broad range of antibiotics including cephalospo-
rins, penicillins, sulfonamides, and low concen-
tration of aminoglycosides. Based on our data
(Fig.1), as a possibility for treatment of infections,
caused by E. faecalis, continue to be vancomycin
with 0.4% resistance for 2008, teicoplanin - 1.3%,
linezolid - 2.4%, and a combination of ampicillin/
sulbactam - 0.22% (Savov et al., 2010).

Sam
Cip
Clin
Ery
HLR-Gm
Lev

Lnz
Qui/Dal
Tei

Stx

Van

99,11%

96,67%

Fig.1. Resistance of E. faecalis to animicrobials
(n-455) - 2008

Van - vancomycin, Stx - sulfam/trimet, Tei - teicoplanin, Qui/Dal -
quinopristin/dalfopristin, Lnz - linezolid, Lev - levofloxacin, Ery -
erytromycin, Clin - clindamycin,Cip - ciprofloxacin, Sam - ampi-
cillin/sulbactam, HLR-Gm - high level resistance to gentamicin

Particularly virulent strains of Enterococcus
that are resistant to vancomycin (vancomycin-
resistant Enterococcus or VRE) have emerged
in nosocomial infections of hospitalized patients
especially in the US in the last two decades. (Fisher
et al. 2009). Other developed countries such as the
UK have been spared of this epidemic, and Singa-
pore managed to halt an epidemic of VRE in 2005.
VRE may be treated with quinupristin/dalfopristin
(Synercid) with response rates of approximately
70% (Tunger et al., 2004).

Methicillin-Resistant Staphylococcus aureus
(MRSA)

Reports of methicillin-resistant Staphylo-coc-
cus aureus (MRSA) - a potentially dangerous type
of Staphylococcus bacteria that is resistant to cer-
tain antibiotics and may cause skin and other in-
fections - in persons with no links to healthcare



Table 1. The most serious life-threatening infections

E | Enterococcus faecium
vancomycin.

Third most common cause of healthcare-associated HCA BSI. Increasing resistance to

S [Staphylococcus aureus

(MRSA) step-down therapy.

Emerging resistance to current drugs and significant drug toxicities. Lack of oral agents for

K | Klebsiella
Escherichia coli
K. pneumoniae

ESBL-producing organisms increasing in frequency and severity; associated with increasing
mortality. K. pneumoniae carbapenemases causing severe infections in LTCF. Few active
agents; nothing in development.

A | Acinetobacter baumannii
Carbapenem-resistant.

Increasing worldwide, recent surge reported in hospitals. Very high mortality.

P | Pseudomonas aeruginosa

Increasing P. aeruginosa infections in the US and worldwide. Resistant to carbapenems,
quinolones, aminoglycosides.

E | Enterobacter species
cephalosporinases.

MDR HCA infections increasing; resistance via ESBLs, carbapenemases, and

HCA = healthcare associated; BSI = bloodstream infection, MRSA = methicillin resistant S aureus; ESBL = extended-spectrum beta-lactamase; LTCF = long-

term care facility; MDR = multiple drug-resistant

Cip 18,89%

Clin 17,38%

Ery 22,17%
Fos |—— 7,56 %

Gen 18,14%

Lev |— 2 31%

Lnz [0,00%
Oxa 25,19%
Qui |0,00%

Rif pmm1,76%

Tei B0,25%
Tob 19,90%

Stx  p— 3 53%
Van [0,00%

Fig. 2. Resistance of S. aureus to animicrobials
(n-397) - 2008

Van - vancomycin, Stx - sulfam/trimet, Tob - tobramycin, Tei - teicoplanin,
Rif - rifamycin, Qui/Dal - quinopristin/dalfopristin, Oxa - oxaccillin, Lnz -
linezolid, Lev - levofloxacin,Gen - gentamicin, Fos - fosfomycin, Ery - ery-
tromycin, Clin - clindamycin, Cip - ciprofloxacin

systems, have been observed with increasing
frequency in the US and elsewhere around the globe.

The relative part of infections caused by
MRSA varies in the different countries. According
to Jewell, M. (Jewel, 1994), this type of infections
is a big problem in Chicago hospitals, where the
number of MRSA infections is about 60%. In Spain
and in France this number is between 30-33%.
(Herwaldt et al., 1995). The data for the Military
Medical Academy in Sofia, Bulgaria showed that
about 25% of the S. aureus infections were caused
by MRSA (Fig.2) (Savov et al., 2010). The options
for treatment of this type of infections at the mo-
ment are: vancomycin, teicoplanin, linezolid, and
tigecyclin.

Multidrug-Resistant E. coli and Klebsiella sp.
Multi-drug  resistant, extended-spectrum

beta-lactamases (ESBL) producing Klebsiella

species and Escherichia coli have been isolated

in hospitals throughout the world. ESBL positive
strains are associated with increased mortality,
because of the failure to treat infections, caused
by ESBL positive organisms, due to the limited
therapeutic choices (Kim et al., 2002; Paterson et
al., 2005). Of all “EARSS-specific” pathogens,
E.coli demonstrated the most worrying trends.
E. coli isolates with multiple resistance to third-
generation cephalosporins, fluoroquinolones, and
aminoglycosides were registered in Bulgaria in
great proportions (EARSS 2002). The relative part
of the E. coli strains, producing ESBL in the units
of Military Medical Academy (MMA) in the last
3 years is about 20%. As compared to 2007, the
relative part of K. pneumoniae strains, producing
ESBL significantly increased from 53% in 2007
up to 67.8% in 2008 (Savov et al., 2010). The re-
sults, presented in an extensive study performed in
Bulgaria for a period of eight years (1996 - 2003),
showed, that the most widespread enzymes found in
Enterobacteriaceae belong to three groups - SHV-
12, CTX-M-15, and CTX-M-3 as well (Markovska
et al., 2008). The possibility for treatment of such
of infections stay only carbapenems and beta-lact-
ams in combination with beta-lactamase inhibitors.

Multidrug (Pandrug) Resistant Acinetobacter
baumannii Infections

Acinetobacter baumannii has emerged as
one of the most troublesome pathogens for health
care institutions on a global scale. Its clinical
significance, especially over the last 15 years,
has been propelled by its remarkable ability to
acquire resistance determinants, making it one of
the organisms threatening the current antibiotic era



(Davis et al., 2005). The rapid global emergence
of A. baumannii strains resistant to all B-lactams,
including carbapenems, quinolones and oth-
er antimicrobials illustrates the potential of this
organism to respond swiftly to changes in selective
environmental pressure (Peleg et al., 2008). After
performing whole-genome sequencing of a clinical
epidemic A. baumannii strain found in France
(AYE), an 86-kb resistanceisland, one of the largest
to be described thus far, was identified (AbaR1).
Overall, 52 resistance genes were identified, and
surprisingly, 45 (86.5%) were localized in the
AbaR1 resistance island (Fournier et al, 2006).
The resistance to carbapenems at MMA in Sofia
(85% to meropenem) (Fig. 3) is associated with the
production of Oxa 23 and Oxa 58 carbapenemas-
es, but not to metallo-beta-lactamases (Stoeva et al.
2009; Savov et al. 2010).

The resistance to quinolones was assessed at the
DNA level for mutation detection in quinolone-re-
sistance-determining regions (QRDRs) and the
subsequent aminoacid substitution in the GyrA
and/or the ParC enzymes. A strong correlation was
found between quinolone resistance and mutations
in gyrA codon 83 and/or in the parC gene (codons
80 or 84) (Deccache et al., 2011).

Additionally, there is an indication of an in-
crease in the number of reported A. baumannii
bloodstream infections in soldiers at military med-
ical facilities in Iraq, Kuwait, and Afganistan. Fif-
ty-three percent of A. baumannii infections have
been registered as a bloodstream infections at the
Walter Reed Army Medical Center /WRAMC/,
which is the major US site receiving casualties
from the conflict in Irag/Kuwait and in Afganistan
(Hawley et al., 2007; Hujer et al., 2006).

The choice of antibacterials for treatment of
such of infections is difficult. The most promising
data with regard to A. baumannii are the benefits
of a prolonged infusion of up to 3 hours and
increasing of the dose of up to 2 g per every 8 hours
of meropenem administration; the concentration,
obtained by this way in serum of above 16 pg/ml
for almost 60% of the time, supports the use of an
extended meropenem infusion time for treating
serious 4. baumannii infections (Peleg et al., 2008).
The use of the polymyxins and tigecycline is very
important for the treatment of serious infections with
multidrug-resistant 4. baumannii, however the Food
and Drug Administration (FDA), the Clinical and
Laboratory Standard Institute (CLSI), and the Eu-
ropean Committee on Antimicrobial Susceptibility
Testing (EUCAST) have established no breakpoints

for interpretation of antibiotic susceptibility testing
of tigecycline against A. baumannii. These data
suggest that caution should be taken in considering
tigecycline treatment for A. baumannii infection
in sites where drug levels may be suboptimal, such
as the bloodstream (Peleg et al, 2008). Unlike
EUCAST and the British Society for Antimicrobi-
al Chemotherapy (BSAC), the CLSI has established
breakpoints for colistin and polymyxin B against A.
baumannii (Peleg et al., 2008). Clinical use of poly-
myxins against 4. baumannii isolates proved to be
extremely successful (Neonakis et al., 2011). These
antimicrobials have been tested extensively in com-
bination with other agents against multiple drug-re-
sistant A. baumannii - carbapenems, cefepime, ami-
kacin, and others. Clinically, the combination of
colistin with meropenem appears to be superior to
the other agents (Neonakis et al., 2011).

Amk  e—— )5 00%

Azt 93,67%
Cef 89,87%
Cpo 87,34%
Caz 60,44%
Cip 95,25%

Col ®1,27%
Gen e 11,71%

Imp 82,91%
Mem 85,76%
Pip/T 82,59%

Tic/CA 89,87%

Tob m2,85%

Sxt 53,16%

Fig. 3. Resistance of A. baumannii to
animicrobials (n-530) - 2008

Sxt - sulfam/trimet, Tob - tobramycin, Pip/Taz - piperacilin/ tazobactam,
Mem - meropenem, Imp - imipenem, Gen - gentamicin, Col - colistin,
Cip - ciprofloxacin, Caz - ceftazidim, Cef - cefepim, Azt - aztreonam,
Amk - amikacin, Cpo - cefpirom

Multidrug-Resistant Pseudomonas aeruginosa
Infections

The Gram (-) bacterium Pseudomonas
aeruginosa is a significant opportunistic pathogen.
Chronic infections due to this organism are prev-
alent in cystic fibrosis patients and are frequently
recalcitrant to treatment. In addition to display-
ing high levels of intrinsic antibiotic resistance, P,
aeruginosa frequently converts to a mucoid state re-
sulting in a rapid adaptive resistance that accounts
for the high failure rate of antibiotic therapy in
eradicating these infections. P. aeruginosa is in-
trinsically resistant to the majority of antimicro-
bial compounds due to its selective ability to ex-
clude various molecules from penetrating its outer
membrane. It is a problem, because in many cases
the P. aeruginosa strains isolated were multiresis-
tant (with resistance to: piperacillin/tazobactam
of 22.7%, cefepime - 51.5%, and ceftazidime -



46.9%). The level of the resistance to carbapenems
is about 32.2% for imipenem and also 41.7% for
meropenem (Fig. 4) (Savov et al., 2010).

The spread of similar multiresistant strains
is very important for big hospital complexes ac-
cording also to Edalucci et al, 2008. This mul-
tiresistance usually is connected with production
of metallo-beta-lactamase (MBL) VIM-2 and also
these widespread clones, responsible for human in-
fections, belong to O11 and O12 serotypes (Edalu-
cci et al., 2008).

Amk

47,42%
Azt 55,15%
Cef 51,55%
Caz I 46 ,91%
Cip I 53,7 6%
Col mmmmmm 10,31%
Gen I 40 ,48%
Imp I ?3,20%
Isp I 5 ,58%
Mem I 4 1,75%
Pip/Taz "E— ), 68%
Tob NI 46,39%
Sxt | 00 ,00%

Fig. 4. Resistance of P. aeruginosa to
animicrobials (n-277) - 2008

Sxt - sulfam/trimet, Tob - tobramycin, Pip/Taz - piperacilin/tazobactam, Mem
- meropenem, Isp - isepamycin, Imp - imipenem, Gen - gentamicin, Col -
colistin, Cip - ciprofloxacin, Caz - ceftazidim, Cef - cefepim, Azt - aztreon-
am, Amk - amikacin

Resistance to ciprofloxacin and aminoglyco-
sides is also high - 58.8% and 47-49% respectively
(Fig. 4). (Savov et al., 2010).

Multidrug-Resistant Bacteria Linked with New
Delhi Metallo-Beta-Lactamase 1 (NDM-1)

A novel enzyme, described during 2009 -
NDM-1 (New Delhi Metallo-Beta-Lactamase 1)
(Yong et al., 2009), which is encoded by blaNDM-1
gene, is increasingly dominant (Kumarasamy et al.
2010, www.phac-aspc.gc.ca)

The NDM-1 gene produces an enzyme
which makes bacteria resistant to most antibiotics
(fluoroquinolones, aminoglycosides and beta-
lactams, including carbapenems (imipenem,
meropenem, ertapenem, doripenem), except
tigecycline and colistin. Carbapenems are powerful,
broad-spectrum antibiotics, which are often
considered to be the last line of defence against
multi-resistant strains of bacteria, such as E. coli
and K. pneumoniae. NDM-1 is strongly linked to
India and Pakistan and many of the UK cases have
recent medical exposure in the Indian-subcontinent
(Kumararasamy et al., 2010). All of the 21 UK
producers comprise K. pneumoniae (14), E. coli (4),
Enterobacter spp. (1), and C. freundii (2) from 18

patients and 16 hospitals scattered across England,
and also one in Scotland. Forty strains with NDM-1
were isolated for 2009. In the US, three cases have
been confirmed - in California, Illinois, and Mas-
sachusetts. Researchers believe all three patients
picked up the resistant microorganism in hospitals
in India (Kumararasamy et al., 2010). The first pos-
itive for NDM-1 eleven local E.coli strains, prov-
en by real time polymerase chain reaction (PCR)
NDM-1 kit were isolated from clinical samples at
the Military Medical Academy in Sofia, Bulgaria
(Poirel et al., 2014; Savov et al., 2012).

The Bacterial Challenge and Bad Practice

The discovery of antibiotics was a leap
in modern medicine. However, the bacteria in
particular have proven to be much more innovative
and adaptive than scientists had imagined. Consid-
ering that the bacteria existed for a period of 3.8 x
10° years, while the antibiotics were used in the last
70 years, it is clear why there is no definitive success
in bacterial infections’ treatment (Hamilton-Mill-
er, 1990). On the other hand, the bad practices
and mismanagement have only exacerbated the
situation. In 1998, in the US, it was estimated that
there were 80 million prescriptions of antibiotics
for human use - the equivalent of about 12 500 tons
per one year (Yim, 2009). According to the Amer-
ican College of Physicians, 190 million doses of
antibiotics are administered each day in the hospi-
tals (www.acponline.org).

Among outpatients, more than 133 million
courses of antibiotics are prescribed by doctors
each year. It is estimated that 50 percent of the
latter prescriptions are unnecessary since they are
being prescribed for colds, coughs, and other viral
infections. When animal and agricultural uses of
antibiotics are added to human use, it is estimated
that in the past 50 years, more than one million tons
have been produced and disseminated (Yim, 2009).
To combat the occurrence of resistant bacteria,
pharmaceutical companies must constantly
research, develop, and test new antimicrobials in
order to maintain a pool of effective drugs on the
market. Five years ago, there were approximately
150 antibiotics available to the public with new
drugs appearing once every 8-10 years. This
appears to be a substantial amount (Yim, 2009).
However, these numbers are misleading because
many of the targets of these drugs are similar.
Since the drug development process is very expen-
sive, pharmaceutical companies often concentrate
on finding antimicrobials similar to the ones



already found, to reduce the risk of producing an
unmarketable drug. This means that it is easy for
a microorganism to develop resistance to a similar
drug to which it already has resistance. Past and
current strategies to combat resistance are not
effective (Yim, 2009). In this sense, it can be con-
cluded, that there is a crisis in the lack of new an-
tibiotics to deal with the evolving and predictable
problem of antibiotic resistance, and a critical need
for agents active against multidrug-resistant Gram
(-) bacilli (Top 10 Infectious disease publications in
2009) (http://www.medscape.com).

Perspectives, Cooperation Against Resistant
Bacteria

The review of data from the European Union
shows that 25 000 deaths per year were attributed to
infections caused by antibiotic-resistant bacteria, of
which 66% were Gram (-) bacilli. The total number
of additional hospital days required for treatment
of resistant bacteria is 2.5 million days per year
at a cost of 1.5 billion euros (Top 10 Infectious
disease publications in 2009) (http://www.med-
scape.com). Although this conclusion is not new,
the document is extremely full of substantial data
provided by the Antibiotic Availability Task Force
from the Infectious Diseases Society of America
(IDSA), which has catalogued much of these data
over the past 5 years. The difference here is that
the conclusion has particular meaning when it
comes from the European equivalent of the CDC
and the European equivalent of the US Food and
Drug Administration (FDA) (Top 10 Infectious dis-
ease publications in 2009) (http://www.medscape.
com). In this connection, at the EU-US Summit on
November 3, 2009 in Washington, the president B.
Obama, Jose Manuel Barroso, Fredric Reinfeldt,
and Javier Solana were agreed to establish a transat-
lantic task force on urgent antimicrobial resistance
issue (EU-US Summit agrees to form transatlantic
task force on antimicrobial resistance.) (www.re-
actgroup.org).

The task force has to focus on appropriate
therapeutic use of antimicrobial drugs in the medi-
cal and veterinary communities, prevention of both
healthcare and community-associated drug resistant
infections, and strategies for improving the pipeline
of new antimicrobial drugs, which could be better
addressed by intensified cooperation between the
US and Europe. Following this, the IDSA Antibiot-
ic Availability Task Force announced the necessity
to achieve the development of ten new antibiotics
within the next ten years (the 10 x ‘20 initiative),
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meaning that the aim is to develop 10 novel drugs
for Gram (-) bacteria by the year 2020 (EU-US
Summit agrees to form transatlantic task force on
antimicrobial resistance), (Top 10 Infectious dis-
ease publications in 2009) (www.reactgroup.org,
http://www.medscape.com). However, these num-
bers are misleading because many of these drug
targets are similar.

Since the drug development process is
very expensive, pharmaceutical companies often
concentrate on finding antimicrobials similar to the
ones already found to reduce the risk of producing
an unmarketable drug. This means that it is easy for
a microorganism to develop resistance to a similar
drug to which it already has resistance (Yim, 2009).
Past and current strategies to combat resistance are
not effective.
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Abstract

The review describes the spreading of viruses in Antarctic ecosystems including terrestrial, marine,
and freshwater habitats. The great attention is paid to virus infections in Antarctic animal and plant popula-
tions. Observation on viruses in Antarctic ecosystems might contribute for their diversity and systematics,
as well as for viral ecology. Comparison of the detected viruses with the well-known viruses, using modern
methods, reveals some structural differences in their nucleic acids and proteins. Several new virus species
unknown in temperate geographic regions were described. Distribution of viruses in Antarctica may eluci-
date their migration, potential reservoirs, and hosts. Observations on viruses would explain the processes of
virus infections, survival, pathogenicity, and medicine.
Key words: viruses, Antarctica, terrestrial and aquatic ecosystems, animal and plant hosts, bacteriophages

Pe3rome

OO030pBT OMUCBaA Pa3MPOCTPAHCHUETO HA BUPYCH B CKOCUTEMHUTE HA AHTapKTH/AA, BKIIOYHTEITHO
3€MHUTC, MOpCKI/ITe nu HpeCHOBOI[HI/ITe HaxoguIa. OCO66HO BHUMAHHUEC € O6’praTO Ha BI/IpyCHI/ITe
WH(EKINH B )KUBOTUHCKUTE U PACTUTEIHUTE MOIMYyNAlMU B TO3U KOHTHHEHT. HabnroneHneTo Ha BUpycuTe
B QHTAPKTUYECKUTE EKOCUTEMH OM MOIIO Ja JOMPHHECE 3a MPOyYBaHE HA TEXHOTO pa3HOOOpaszume u
CHUCTEMAaTHKa, KaKTO U 33 €KOJIOTUATA UM. VI3BBPILIEHO € CpaBHEHHE HA U30JIMPAaHUTE B AHTAPKTH/Ia BUPYCH
C MO3HATUTE BUPYCH YPE3 M3IMOI3BaHE Ha ChBPEMEHHHN METOAM, PA3KPUBAIIU HIKOU CTPYKTYPHH Pa3IUKH
B TCXHHUTC HyKJIeI/IHOBI/I KHUCCIIMHU U HpOTeI/IHI/I. OHI/ICH,HI/I Ca HJAKOJIKO HOBU BHJIA BI/IpyCI/I, HCIIO3HATHu B
reorpad)CKUTE PETMOHU C YMEPEH KJIMMAT. PaznpocTpaHeHneTo Ha BUpPyCcUTe B AHTapKTHAA OM MOIJIO Ja
OCBETIIHU TSIXHATa MUTpAIlUs, OTSHIIMAIHN Pe3ePBOAPH M TOCTONMPTUEMHUIIUTE UM. HabmroneHusta BbpXy
BUpYCHTE B AHTapKTHAAa OM MOIVIO CHIIO Taka Jla OOSCHHU HSAKOW MPOLECH BHB BHPYCHUTE HMH(EKIHH,
TEXHOTO MPEKUBSIBAHE, MATOTEHHOCT U MEIUITMHCKO 3HAUYCHHE.

Introduction tially increased transport communications); (iii)

Viruses occupied an extremely important  human activities; and (iv) the ecological factors and
place in the life of our planet. They were proved  changes in the environement. The changes in the
as causative agents of more than 93% of infectious ~ environement as a result of the human intervention
diseases. Moreover, they are etiologically connect-  lead to new ecosystems. During the last years we
ed with a substantial part of the neoplasms. It is  are witnesses of many examples of a global menace
noteworthy to stress the increasing role of emerging  for the human population by diseases with origin
viral infections in the end of 20" and the beginning  in other species of the animal world - the so-called

of the 21* century. As principal factors in the ap-  zoonoses. Their emergence is strongly dependent
pearance of novel virus infections could be consid-  on both the climate changes and the environment
ered (i) viral adaptation and evolution: viruses more  changes caused by the human activities.

than all other microorganisms possess the capabil- Tropical and subtropical areas of the Earth

ity to adapt to their hosts, to the environment, and  are the main objects of the research on the emerg-
to new ecological niches supplied by the man when  ing viral infections, predominantly arboviral infec-
he invades their territory; (ii) the increase and the  tions, as well as on another studies connected with
movement of the global population (the substan-  the sources of emerging and re-emerging viral in-
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fections on a global scale. A great number of in-
vestigations are directed to the clearing up of the
factors contributing to the spread of viruses and the
virus infections in the Earth areas with a temper-
ate climate (mainly Europe and North America). In
contrast with the latter, studies on viral progenies
in the zones around poles - Arctica and Antarcti-
ca - are comparatively scarce. There is a reason to
believe that viral progenies from these zones could
be involved in the processes of the spreading of the
viral infections around the globe.

The genome structure of viruses ensures their
replication in different ecosystems, including ter-
restrial, marine, and freshwater habitats, and live
in microbial, plant, and animal hosts. A review has
already been published on the role of viruses in mi-
crobial communities in the Antarctica (Pearce and
Wilson, 2007). However, a systematic view on the
viruses in animal hosts in Antarctic area is not done.
Besides, little data exist on viruses associated with
plants, including mosses (Polischuk et al., 2007),
although viruses have been observed in Stilborcar-
pa (Skotnicki et al., 2003).

All this shows a need for profound researches
on viruses found in the polar areas, predominantly
in Antarctica, their reproductional dynamics, sur-
vival, and persistence in different substrates and
hosts. This is the main task of the present review.

Viruses in Animal Hosts

The possibility of the introduction of infec-
tious agents to Antarctica animal life and its spread
from Antarctica to other continents is discussed by
the Antarctic Treaty. The migratory birds could be a
potential vector for infectious agents.

Data on the occurrence of avian pathogen in-
fectious bursal disease virus (IBDV) in Antarctic
penguins near the centers of human activities indi-
cated a possibility of virus introduction (Gardner et
al., 1997). Although IBDV is a pathogen of domes-
tic chicken (Gallus domesticus), antibodies have
been found in a variety of world bird species (Wil-
cox et al., 1983). IBDV was detected in emperor
(Aptenodytes forsteri Gray) and Adélie (Pigoscelis
adeliae) penguins.

Influenza A viruses and paramyxoviruses
are widely distributed among wild birds in temper-
ate regions which play a role in the spread of patho-
genic paramyxoviruses and Newecastle disease
virus (NDV). There is evidence that aquatic wild
birds are the reservoir of all influenza viruses for
avian and mammalian species, including humans
(Webster et al., 1992).
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Paramyxoviruses have been found in Adélie
penguins at Cape Bird and Casey, some 4 000 km
away, in Antarctica (Morgan and Westbury, 1981,
1988; Austin and Webster, 1993). Viruses isolated
from a cloacal swab taken from an adult penguin
were classified as paramyxoviruses according to
their morphology (Morgan and Westbury, 1981;
Alexander et al., 1989). On Macquarie Island - a
sub-Antarctic island in the Southern Ocean - six
paramyxoviruses, including a low pathogenic strain
of NDV, were also isolated from cloacal swabs col-
lected from 831 penguins of four species (Morgan
et al., 1981; Morgan, 1988). Samples of 100 pen-
guins from King George Island were tested by re-
al-time polymerase chain reaction (PCR), two of
which have been positive for NDV (Thomazelli et
al., 2010). Antibodies to a flavivirus and an avian
paramyxovirus, different from NDV, were detected
in three of the four penguin species. The detection of
an avian paramyxovirus from an apparently healthy
Adélie penguin, and the presence of paramyxovi-
rus and influenza virus antibodies in penguins and
skuas, Stercorarius skua maccormicki (Saunders),
demonstrated that these viruses may infect the avi-
fauna of the Ross Sea Dependency (Austin and
Webster, 1993). Sera from 1002 penguins of four
species on Macquarie Island, a sub-Antarctic island
in the Southern Ocean, were examined for antibody
to NDV and other avian paramyxovirus, influenza
A virus, alphavirus, and flavivirus. Sera from 6%
of royal penguins sampled gave positive reactions
to NDV, while to the other three species were neg-
ative. Six paramyxoviruses, different from NDV,
were obtained from swabs taken from royal and
king penguins at two widely separated sites on the
island. Miller et al. (2010) isolated a paramyxovirus
from rockhopper penguins (Eudyptes chrysocome)
in Falkland Islands and suggested that this virus
represented a new avian paramyxovirus (APMV)
group - APMV10. Its viral hemagglutination (HA)
activity was not inhibited by antisera against any of
the nine defined APMV serotypes.

Penguin blood samples collected at Bird Is-
land, a sub-Antarctic South Georgia Island, gave
serologic indications that influenza A virus is pres-
ent amongst these penguin species (Wallensten et
al., 2006). Baumeister ef al. (2004) showed an in-
fection of the birds, giant petrels, Macronectes gi-
ganteas, and penguins in Southern Shetland Islands
with influenza A viruses of the subtypes A (H1), A
(H3), A (H7), and A (H9). Recently, avian influen-
za virus A(H11N2) was isoalated from Adélie pen-
guins (http://mbio.asm.org/content/5/3/e01098-14.



full.pdf+htm). This virus is considered as a repre-
sentative of evolutionary distinct lineage of avian
influenza A virus (Hurt et al., 2014).

Edison Durigon who coordinates a group of
hunters of dangerous viruses in Sao Paulo, Brazil,
that monitors birds and mammals from the Ama-
zon to the subpolar islands said on August 23, 2009,
that they have the first evidence that influenza is
circulating among penguins in Antarctica. His new
data, not yet submitted to the scientific community,
indicate that the presence of influenza in this region
is high, between 8-10% in a study population of
one hundred animals. In other communities of birds
from the icy continent, which have been analyzed,
the occurrence of the same virus usually alternates
around 1%. None of Antarctic penguins studied had
symptoms of the disease.

The human population in Antarctica increas-
es, because of the presence of the scientists and the
growth of tourism in the region. Almost 40 000
tourists visited the continent only in the summer
of 2008/2009, according to data from IAATO (In-
ternational Association of Tour Operators in Ant-
arctica). This is coupled with the fact that different
influenza virus strains like to swap genes between
each other, which sometimes leads to occurrence of
a more aggressive virus. Thus, a potentially harm-
ful scenario was riding possibly transforming the
Antarctic in a nest of influenza virus strains, which
could migrate to another regions. Evidently, the
polar regions deserve an increased attention on the
transmission of viruses (from who and to whom the
viruses are passed), or what type of influenza virus
is in circulation (seasonal human or avian H5NT1).
The penguins live along the international monitor-
ing of the influenza viruses. According to Jansen
Allen from the Durigon’s research group the stud-
ies conducted so far do not allow us to say with cer-
tainty the side of migratory birds such as skuas and
giant petrels - the analysis of their faeces were also
positive for influenza - as well as of mammals such
as elephant seals and sea lions (http://www1.fol-
ha.uol.com.br/folha/c...6u613636.shtml). Penguin
blood samples collected at Bird Island, a sub-Ant-
arctic South Georgia Island, gave serologic indica-
tions that influenza A viruses present amongst these
penguin species (Wallensten ef al., 2006).

As concerns DNA containing viruses in Ant-
arctica, the group of Alcami isolated in Antarctic
lakes numerous unknown DNA viruses varying in
size (Lopez-Bueno et al., 2009). Later, a novel ad-
enovirus species was isolated from Chinstrap pen-
guins (Pygoscelis antarctica), designated Chinstrap
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penguine adenovirus type 1 (CSPAdV-1) (Lee et
al., 2014). A novel papillomavirus among the Adé-
lie penguins (Pygoscelis adeloae) in Ross Island
was also found by an Australian research group
(Varsani et al., 2014). Antibodies to poxvirus were
found in Antarctic Peninsula by Shearn-Boschler et
al. (2008).

Have et al. (1991), and Heidejorgensen et
al. (1992) detected evidence for prior infection by
phocine distemper virus in Arctic and Antarctic
seal populations, while Harder et al. (1991) found
the antibodies against phocine herpesvirus in sera
from Antarctic seals. Stenvers et al. (1992) reported
that Weddell and crabeater seals in the Antarctica
had high neutralizing titres to phocine, canine, and
feline herpesviruses. In the same time, antibodies to
canine distemper virus were detected in Antarctic
seals by Bengtson et al. (1991). Harder et al. (1991)
pointed that spreading of viruses may be done by
nomadic movements of crabeater seals in a wide
geographical region.

Rockhopper (Eudyptes chrysocome), royal
(Eudyptes schlegeli), and king (Aptenodytes pa-
tagonicus) penguins living in Macquarie Island, a
small sub-Antarctic island, are harbours for ticks
(Ixodes uride). It was established that associated
with penguin ticks carried four genera arbovirus-
es: a flavivirus, an orbivirus, a phlebovirus, and a
nairovirus (Morgan, 1988; Major et al., 2009). The
flavivirus was nearly identical to Gadgets Gully
isolated 30 years ago, which showed the remark-
able genetic stability of this virus. The authors
named the detected orbivirus as Sandy Bay virus
and considered that the nearest relative to the or-
bivirus is the Scottish Broadhaven virus, and it pro-
vided only the second available sequences from the
Great Island orbivirus serogroup. For phlebovirus
they propose the name Catch-me-cave virus and
believe that it is distinct, but related to the previous-
ly isolated Precarious Point virus showing homol-
ogy with the Finnish Uukuniemi virus. These vi-
ruses, isolated from penguins, provided the second
and third available sequences for the Uukuniemi
group of phleboviruses. The nairovirus named
Finch Creek virus was shown to be related to the
North American Tillamook virus, the Asian Hazara
virus, and Nairobi sheep virus. Authors concluded
that Macquarie Island penguins carried arboviruses
from at least four of the seven arbovirus-contain-
ing genera, with related viruses often found in the
Northern Hemisphere

Polar skuas, Catharacta maccormicki Saun-
ders, living around Antarctic Davis Station, had no



ticks and the authors were not able to isolate any
viruses (Miller et al., 2008). It was established that
skuas were seropositive to some avian viruses:
16.9% had antibodies to infectious bursal disease
virus and 10.5% were seropositive for Newcastle
disease. One percent of skuas had antibodies to avi-
an influenza and there was no evidence of egg drop
syndrome, but 27.8% had antibodies to flaviviruses.
Perhaps, polar skuas encounter a variety of patho-
gens either in Antarctica or during their migration
in the non-breeding season.

Viruses in seals. Tryland et al. (2005) isolat-
ed from skin lesion on the neck of a Weddell seal
(Leptonychotes weddellii), in Queen Maud Land,
Antarctica, proliferative papilloma-like structures.
Electron microscopy revealed typical parapoxvi-
rus particles.

New strains of murine cytomegavirus in
wild mice were isolated by Booth et al. (1993)
and arboviruses, including both new flavivirus
and bunyavirus from Ixodes uriae detected at
Macquarie Island (Doherty et al., 1975; St George
et al., 1985). Linn et al. (2001) isolated a novel
alphavirus from the louse Lepidophthirus mac-
rorhini, collected from southern elephant seals
(SES), Mirounga leonina, on Macquarie Island,
Australia. The virus possessed classic alphavirus
ultrastructure and appeared to be serologically
different from any known Australasian alphavi-
ruses. All Macquarie Island elephant seals tested
had neutralizing antibodies against the virus. Se-
quence analysis demonstrated that the SES virus
segregates with the Semliki Forest group of Aus-
tralasian alphaviruses. Phylogenetic analysis of
the known alphaviruses suggests that they might
be grouped according to their enzootic vertebrate
host class. The SES virus is an arbovirus of marine
mammals and can be transmitted by lice.

Czaker (2002) found an unknown Aggregata
sp. in the renal organ of an antarctic Benthoctopus
sp., when it was inspected for the presence of di-
cyemid mesozoans. Merozoites invaded the renal
epithelium, while sporogony stages resided in the
submucosal connective tissue. Individuals of all de-
velopmental stages were found to be infected with
unknown virus-like particles. They are spherical in
shape, non-enveloped, and measuring approximate-
ly 30 nm in diameter, and could be observed in the
nuclei as well as within the cytoplasm. Virus-like
particles had a feature to arrange in paracrystalline
arrays. No pathogenic effect on the parasites was
detected. Based on the host specificity, size, mor-
phology, and histochemical analysis, which sug-
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gested the putative viral genome as RNA, a rela-
tionship with Totoviridae was assumed.

Viruses in Plants

Skotnicki et al. (2003) described plant Stil-
borcarpa mosaic bacilliform badnavirus (SMBV)
from Macquarie Island. Barley yellow draft vi-
rus-PAV was isolated in the sub-Antarctic Kerguel-
en Islands, two new luteovirus species been proved
(Svanella-Dumas et al., 2013). Plant samples of
four moss genera - Polytrichum, Plagiatecium,
Sanionia, and Barbilophozia, and one plant spe-
cies, Deschampsia antarctica - were collected, and
they were subjected to enzyme-linked immunosor-
bent assay of testing for the presence of common
plant viruses (Polischuk et al., 2007). Samples of
Barbilophozia and Polytrichum mosses contained
antigens of viruses from the genus Tobamovirus,
tobacco mosaic virus, and cucumber green mot-
tle mosaic virus, which normally parasitize. Viral
agents mainly from order Caudovirales were found
in soil samples (Polischuk et al., 2007).

Viruses and Bacteriophages in Polar Aquatic
Ecosystems

It was established that viruses are ecological-
ly significant component of water saline and fresh
environments (Hennes et al., 1995; Weinbaur and
Hofle, 1998; Wilhelm and Smith, 2000). Viruses
that infect eukaryotic phytoplankton are an import-
ant member of aquatic ecosystems and they con-
trol a number of potential host species, however in
lakes they remain largely unobserved yet. Although
certain virus antibodies have been found, the pres-
ence of viruses is difficult to evaluate - only a small
number of disease-causing viruses were isolated
(Barbosa and Palacios, 2009).

Antarctic lakes are extreme ecosystems in
which viruses may be important in controlling mi-
crobial community dynamics. Kepner et al. (1998)
showed that water samples collected from four
ice-covered Antarctic lakes contained high densities
of extracellular viruses. Majority of these viruses
were found to be morphologically similar to dou-
ble-stranded DNA viruses that are known to infect
algae and protozoa. The abundance of planktonic
viruses indicates that viral lysis may be a major
factor in the regulation of microbial populations in
these extreme environments. Water samples from
fresh-water Antarctic lakes on Signy Island (in the
South Orkney Islands) contained virus-like parti-
cles (VLP), ubiquitous, morphologically diverse,
and abundant, with high concentrations ranging



from 4.9x10°ml™" to 3.1x10” ml™". The hosts includ-
ed bacteria, cyanobacteria, and eukaryotic algae.
In addition, an unusually large virus morphotype
was observed with a head diameter of 370 x 330
nm and a 1.3 pm long tail (Wilson et al., 2000).
Lisle and Priscu (2004) showed that in McMur-
do Dry Valleys of Antarctica lakes total bacterial
abundances ranged from 3.8x10* to 2.58x107 cells
ml! and VLP abundances ranged from 2.26x10°
to 5.56x10” VLP ml'. VLP abundances were sig-
nificantly correlated (p<0.05) with total bacterial
abundances, bacterial productivity, chlorophyll a,
and soluble reactive phosphorus, while lysogenic
bacteria, determined by induction with mitomycin
C, made up between 2.0% and 62.5% of the total
population of bacteria. The contribution of viruses
released from induced lysogens was <0.015% of
the total viral production rate. Carbohydrate and
protein forming organic aggregates in lake wa-
ter were abundant and were heavily colonized by
bacteria and VLPs. VLP abundances in nine fresh-
water to saline lakes in the Vestfold Hills, Eastern
Antarctica, were determined by Laybourn-Parry et
al. (2001). In the ultra-oligotrophic to oligotrophic
freshwater lakes VLP abundances ranged from
1.01 to 3.28x10° ml! in the top 6 m of the water
column, while in the saline lakes the range was
between 6.76 and 36.5x10° ml'. The lowest value
was detected in Ace Lake and the highest value in
hypersaline Lake Williams.

Virus-to-bacteria ratios were lowest in the
freshwater lakes and highest in the saline lakes.
Divergent morphologies among VLP was ob-
served, including phages with short (Podoviridae)
and long tails, icosahedral viruses of up to 300 nm
and star-like particles of about 80 nm diameter. In
these ecosystems dominated by microbs, no cor-
relation between VLP and bacterial numbers was
found. There was a significant correlation between
VLP abundances and dissolved organic carbon
concentration. The data indicated that viruses at-
tack bacteria and protozoan species. VLP numbers
in the freshwater lakes were lower than values in-
dicated for lower latitude systems. Those in the
saline lakes were comparable with abundances
found from other Antarctic lakes, and were high-
er than most values published for lower latitude
lakes and many marine systems. Sdwstrom et al.
(2008a, b) studied distribution of VLP in ten lakes
in the Vestfold Hill, Antarctica, and detected ly-
sogeny, determined with mitomycin C only in one
of the lakes, indicating that viral replication was
occurring predominately via the lytic cycle.
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Principal component analysis and confirma-
tory correlation analysis of individual variables
confirmed that high abundances of VLP occurred
in lakes of high conductivity with high concentra-
tions of soluble reactive phosphorus and dissolved
organic carbon. In lakes, possessing high concen-
trations of chlorophyll a, intact bacteria, and rates
of bacterial production, viruses-to-bacteria ratios
were established. Authors concluded that viral
abundance in the Antarctic lakes was determined
by the trophic status of the lake and the resultant
abundance of intact bacterial hosts. Viral abun-
dance in two large ultraoligotrophic freshwater
lakes (Lake Druzhby and Crooked Lake) in the
Vestfold Hills, Eastern Antarctica, ranged from
0.16 to 1.56x10° particles I"' and bacterial abun-
dances ranged from 0.10 to 0.24x10° cells I, with
the lowest bacterial abundances noted in the win-
ter months (Sédwstrom et al., 2007). Virus-to-bac-
teria ratios (VBR) were consistently low in both
lakes ranging from 1.2 to 8.4.

Lysogenic bacteria were determined by induc-
tion with mitomycin C. In Lake Druzhby and Crook-
ed Lake, lysogenic bacteria made up between 18%
and 73% of the total bacteria population. Bacterial
production ranged from 8.2 to 304.9x10° cells I'!
day ! and lytic viral production ranged from 47.5 to
718.4x10° virus-like particles I'! day™'. In the winter
months, there was a high contribution from viruses
when >60% of the carbon supplied to the dissolved
organic carbon (DOC) pool (i.e., autochthonous
sources), originated from viral lysis while during the
summer <20% originated from viral lysis.

Madan et al. (2005) investigated viral and
microbial loop dynamics in three saline lakes:
Highway Lake (salinity of 4%o), Pendant Lake (sa-
linity of 19%o), and Ace Lake (salinity of 18%o)
in order to assess the importance of viruses in
extreme, microbially dominated systems. VLP
showed no clear seasonal pattern, with high con-
centrations occurring in both winter and summer,
ranging from 0.89x107+0.038 to 12.017x107+1.28
ml'. VLP abundances was connected with lake pro-
ductivity based on chlorophyll concentrations. Pen-
dant Lake, the most productive of the three lakes,
supported the highest bacterial biomass, while the
virus-to-bacteria ratios were higher in Ace Lake
(range 30.58+3.98 to 80.037+1.6). The heterotro-
phic nanoflagellates of Highway Lake (dominated
by the marine choanoflagellate Diaphanoeca gran-
dis) showed a positive correlation with VLP. High-
est rates of lysogeny - up to 32% in Pendant Lake
and 71% in Ace Lake - were detected in winter and



spring, while there was no or lower lysogeny in the
summer (Laybourn-Parry et al., 2007).

In winter, VLP persisted in cold, dark water.
High VLP concentrations and high VBR indicated
that viruses, most of which were bacteriophages,
are a major habitant within the microbial commu-
nities in extreme saline lakes. Variability in abun-
dance of VLP, VLP decay rates, and prokaryotic
mortality due to viral infection were determined in
three Antarctic areas: Bellingshausen Sea, Brans-
field Strait, and Gerlache Strait (Guixa-Boixereu et
al., 2002). VLP abundance showed very small spa-
tial variability in the three areas and decreased from
the surface to the bottom. Low seasonal variabili-
ty in VLP abundance was found when comparing
each area separately. Prokaryotic mortality due to
viral infection was always higher than the one due
to bacterivores.

To comprehend the nature of virus-host inter-
action in the sea, Sullivan et al. (2005) sequenced
and characterized DNA genomes of three marine
phages. One of them is podovirus and the other
two are myoviruses. The marine phages are similar
to two terrestrial phages, T4 and T7, which infect
Escherichia coli, but also carry genes that appear
specially adapted to infecting photosynthetic bacte-
ria Prochlococcus in nutrient-poor oceans. All three
cyanophages contain photosynthetic-related genes
and, thus, the virus helps the host maintain photo-
synthesis during infection. Toparceanu and Negoita
(2007) investigated water samples from Lasermann
Hills. The latter samples contained algal virus-like
particles (PBCV). Some of them were identified
and sequenced: chlorovirus (PBCV-1), 331 kb, 375
genes, with host Chlorella; Ectocarpus siliculosus
virus (ESV-1), 336 kb, 231 genes, with host Ecto-
carpus siliculosus; coccolithovirus (EHV-86), 407
kb, 472 genes, with host Emilliana huxleyi. In these
viruses 14 ancient genes were detected. The scien-
tists revealed also prasinovirus (MPV-1), with host
Micromonas pusilla, primnesiovirus (CBV), with
host Chrysochromulina brevifilum, and raphido-
virus (HAV-1), with host Heterosigma akashiwo.
Lopéz-Bueno et al. (2009) indicated that the genet-
ic structure of an Antarctic lake viral community
revealed unexpected genetic richness distributed
across the highest number of viral families. Ant-
arctic virus assemblage had a large proportion of
sequences related to eukaryotic viruses, including
phycodnaviruses and single-stranded DNA (ssD-
NA) viruses not previously identified in aquatic en-
vironments. The authors revealed that the transition
from an ice-covered lake in spring to an openwater
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lake in summer led to a change from ssDNA to a
double-stranded DNA-virus-dominated assem-
blage, which is possibly a seasonal shift in host or-
ganisms.

Borriss et al. (2003) isolated three host-specif-
ic bacteriophages from Arctic sea ice and melt pond
samples collected north-west of Svalbard (Arctic).
They belonged to the tailed, double-stranded DNA
phage families Siphoviridae and Myoviridae. Their
bacterial hosts exhibited the greatest similarity to
the species Shewanella frigidimarina, Flavobacte-
rium hiberman, and Colwellia psychrerythraea.

As an unusual discovery could be considered
the isolation by R. Cavicchioli and coll. (Yau et
al., 2011; Pyper, 2011) of a virophage, a virus that
attacks viruses, from an extremely salty Organic
Lake in Eastern Antarctica, named Organic Lake
Virophage (OLV). It was established that this virus
kill phycodnaviruses (Zablocki et al., 2014).

Impact and Importance of the Studies on
Antarctic Viruses

Studies on the levels of virus-induced mor-
tality in Antarctica manifested the greatest im-
pact of viral infection occurred under oligotrophic
conditions in alpine lakes (Murray and Eldridge,
1994; Laybourn-Parry et al., 2001; Sawstrom et
al., 2007). A higher virus-to-bacteria ratio has been
showed for eutrophic waters (Bratbak ef al., 1990).
Viruses in Antarctica influenced biochemical and
ecological processes as nutrient cycling, bacterial
and algal biodiversity, algal bloom control, and ge-
netic transfer.

Antarctica provides a good source of new or-
ganisms and model virus-host associations. They
are often trapped in glacial ice and subglacial lakes.
Conditions in Antarctica create the selection pres-
sures including temperature, nutrient limitation,
desiccation, and non-ionizing radiation. Specif-
ic environmental stress on microbial population
communities can be used in observations of global
climatic changes. Infectivity of free viruses may
be lost by solar radiation (Suttle and Shen, 1992;
Wommack et al., 1996). Viruses participate in the
maintenance of species diversity and genetic ex-
change.

By processes of lysogeny and pseudolysog-
eny the phage population may be maintained. Vi-
ruses in Antarctic lakes play an important part in
controlling microbial community dynamics. High
abundances of VLP occurred in lakes with high
concentrations of soluble reactive phosphorus and
dissolved organic carbon. Sullivan et al. (2005)



showed that marine phages, living in lakes and
controlling the microbial dynamics, possess genes
that appear specially adapted to infecting photosyn-
thetic bacteria Prochlorococcus and, thus, the virus
favours the host photosynthesis during infection.
Lopéz-Bueno et al. (2009) revealed that the viruses
in lakes have a great flexibility of DNA express-
ing in case of transition of single-stranded DNA to
double-stranded DNA-virus-assemblages in depen-
dence of season - spring or summer.

Observations on viruses in Antarctica are im-
portant for their diversity and systematics. Compar-
ison of detected viruses with well-known viruses
using modern methods reveals some differences in
cell structures: proteins and nucleic acids. All this
allows determination of the new species unknown
in temperate geographic regions. These investi-
gations are contributions in virus systematic and
microbial ecology. Distribution of viruses in Ant-
arctica may elucidate their migration, potential res-
ervoirs, and hosts. Observations on viruses would
explain the processes of virus infection, survival,
pathogenicity, and medicine.

Investigations in the Antarctic area contribute
in another highly fundamental scientific domain.
Researchers on one of the subglacial lakes, Lake
Ellsworth, situated in West Antarctic Ace Shelf,
belive some of these isolated lakes could be home
to microorganisms unknown to science, potential-
ly holding secrets to the origine and limits of life
on Earth. This knowledge could in turn hold clues
about the possible conditions for extraterrestrial
life, in locations such as the bodies of water through
to exist beneath the surfaces of ice moons of Saturn
and Jupiter (Pearce, 2012).
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Abstract

Short double-stranded RNA molecules efficiently inhibit gene expression in eukaryotic cells. One
class of these short molecules are the small interfering RNAs (siRNAs), which after introduction into
cells elicit efficient induction of post-transcriptional gene silencing known as RNA interference (RNA1).
They are incorporated into a multimeric protein complex named RNA-induced silencing complex (RISC).
While one of the two RNA strands is discarded, the antisense strand guides RISC to the complementary
target RNA and induces its endonucleolytic cleavage. RNA silencing by post-transcriptional gene silencing
(PTGS) is a mechanism of gene regulation in eukaryotes. It is similar to classical humoral immunity, which
protects eukaryotes against viruses and transposons. A major problem for the long term inhibition of viruses
is the emergence of escape mutants. This limitation, which is well-known for conventional antiviral therapy
with low molecular weight drugs, is applicable to RNAi approaches as well. Virus escape as a consequence
of the accumulation of point mutations in or close to the siRNA target site has been observed for various
types of viruses. To counter this problem a novel technology of production of dsRNAs is used, targeted to
essential gene regions for viral replication. The technology is based on the replication complex of the bac-
teriophage phi 6. A pool of siRNAs is produced in this way, targeted to specific gene region, which overlaps
and silences the target, whether a mutation or recombination appear.
Key words: RNAI, siRNAs, viruses

Pesrome

Kbcure nBPHKu edextuBHO mHXMOMpAT reHHaTa €KCIpecus B €yKapUOTHHUTE KIETKH. EnuH ot
KJIaCOBETE Ha T€3M KbCH MOJIeKyH ca Mankute nateppepupamu PHKu (MuPHKwu), konro cien BbBexnane
B KJIETKaTa MPEAU3BUKBAT €(PEeKTUBHO MHAYIHPAHE Ha OCT-TPAHCKPUIIIIUOHHO T€HHO MbITYaHHE U3BECTHO
kato PHK wunrepdepenuus (RNAi1). Te ce BkioyBar B MYITHUMEPEH NPOTEUHOB KOMIUIEKC HapedyeH
komriekc 3a uaaynupane Ha PHK mbmuanue (RISC). Cenc Bepurara na MuPHK ce orctpansiBa, mokaro
aHTHceHc Bepurara HacouBa RISC xommekca kpMm komriemeHtapHa PHK npunenna cekBeHuus u no
TO3W HA4YWH MHIYIMPA €HJOHYKJIEOTHYHO Cpsi3BaHe Ha npuuenHara cexpeHus. PHK 3amymasanero upes
MOCT-TPAHCKPUILIMOHHO TeHHO Mbi1yaHue (PTGS) e MexaHn3bM Ha reHHaA peryianus Npu eyKapHOTHUTE
opranusmu. IIpomeca e momoOeH Ha KIACHYECKHs XyMOpaJeH WMYHEH OTTOBOp, KOMTO Ipemnas3Ba
€yKapUOTHUTE OPraHW3MHU OT HAIIECTBUETO HA BHPYCH M TpaHCHO30HH. OCHOBHMAT NHpoOneM mpu
MPOIBIDKUTETHOTO MHXUOMPaHe Ha BUPYCHUTE € Bb3HUKBAHETO Ha Pe3UCTEHTHU MyTaHTH. ToBa orpaHHuYeHHE,
KOETO € 100pe N3BECTHO MpHU TPAAUIIMOHHATA aHTUBUPYCHA TEPANUS ¢ HUICKOMOJIEKYJIHU ChE€MHEHUS BaXXKH
cpiio Taka u 3a PHK nntepdepennusara. BupycHara pe3sucTeHTHOCT KaTo MOCIEICTBHE OT HATPYIBAHETO
Ha TOYKOBM MYTAallMM B INpPHILEIHATA CEKBEHIMS WM B OJIM30CT JI0 Hes € HaOmrofaBaHa MpH paziIMuHU
BUpYCH. 3a pa3peniaBaHeTo Ha mpolieMa € U3I0JI3BaHa HOBA TEXHOJIOTHS 32 MOJTyYaBaHe Ha CIICU(PUIHU
nBPHKwM, koMIuieMeHTapHM Ha OCHOBHHM 3a BUPYCHATa PEIUIMKALUsA F€HETHUYHU pEeruoHu. TexHonorusra
ce 0a3zupa Ha PEIUIMKAIIMOHHUS KOMIUIeKC Ha Oakrepuodara phi 6. [Io To3u HauMH ce moayyaBa IMya OT
MuPHKwU, Hacouenu kbpM criennryeH reHeTUYeH peruoH, KOUTO MPUIIOKPUBAT U 3arvIyllaBar MpHiieHaTa
CEKBEHIMsI, 0€3 3HaYEeHHUE JJaJIM Ce € MOABUIIa MyTalus MJIM pEeKOMOUHAIMS B Hesl.

*Correspondence to: m_niki@abv.bg
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History of Gene Silencing

RNA gene silencing is a mechanism of gene
regulation, that limits the transcript level by either
suppressing transcription [transcriptional gene si-
lencing (TGS)] or by activating a sequence-specific
RNA degradation process [post transcriptional gene
silencing (PTGS)]/RNA interference (RNA1). The
evolutionary functions of RNAi and its related pro-
cesses are designed for the protection of genome
against invading mobile elements like viruses and
transposons as well as for orchestrated functioning
of developmental programs in eukaryotes. Prior to
the discovery of RNAI, scientists applied various
methods such as insertion of T-DNA elements and
transposons, treatment with mutagens or irradiation
and antisense RNA suppression to generate loss-
of-function mutations. Antisense RNA technology
was discovered in plants, when the inhibition of no-
paline synthase gene was observed in tobacco cells,
due to the expression of its corresponding antisense
RNA (Rothstein et al., 1987).

RNA silencing was first observed in plants,
where attempts to overexpress endogenous genes
by introducing transgenic copies of the endoge-
nous gene, instead, resulted in blocked expression
of both. It happened when scientists were trying to
increase the purple pigmentation of petunia petals
by sense overexpression of chalcone synthase, a
gene related to anthocyanine pathway (Napoli et
al., 1990; Van der Krol ef al., 1990). The Ambrose
Laboratory reported the first case of micro RNA
(miRNA) in an attempt to silence heterochronic
gene lin-4 of C. elegans (Lee et al., 1993), and the
Fire and Mello Laboratories described the gene si-
lencing effect of double-stranded RNA (dsRNA) in
C. elegans by injecting dsRNA that corresponds to
unc22, responsible for body morphology. They took
the antisense silencing approach a step further in C.
elegans with simultaneous introduction of both the
sense and antisense strands of the targeted mRNA,
resulting in a tenfold higher potency in silencing of
the targeted mRNA (Fire ef al., 1998).

In animals, RNA silencing was first reported
when Guo and Kemphues (1995) injected RNA to
block par-1 mRNA expression in C. elegans, but
found that the par-1 mRNA itself also repressed
par-1. Their paradoxical observations subsequently
named as RNA1 - inspired the experiment of Fire et
al. (1998), who demonstrated that dsSRNA was the
trigger of gene silencing.

Three phenotypically different but similar by
mechanism forms of gene silencing, co-suppression
or PTGS in plants (Jorgensen, 2003), quelling in
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fungi (Cogoni ef al., 1996) and RNAI in the animal
kingdom (Fire et al., 1998) have been described.
More recently, miRNA formation (Pasquinelli,
2002; Bartel, 2004), promoter methylation (Matzke
et al., 2001; Wesley et al., 2001), heterochromati-
nization (Schramke and Allshire, 2003), etc., have
been revealed as other facets of naturally occurring
RNAI processes in eukaryotic cells.

Different Classes of RNAs that Induce Gene
Silencing

Ribosomal RNA (rRNA) is the most abundant
type of RNAs inside the cell followed by transfer
RNAs (tRNAs) and messenger RNAs (mRNAs).
There are another four basic classes of RNAs,
which take active parts in RNA silencing. These are
hairpin RNAs (hpRNAs), double stranded RNAs
(dsRNA), small interfering RNAs (siRNAs) and
micro RNAs (miRNAs).

Double stranded RNA (dsRNA) is formed
by the complementary base pairing of two sin-
gle-stranded fragments of RNA and takes an ac-
tive part in RNA silencing pathway (Agrawal et
al., 2003). The dsRNA found naturally in the cell
and is derived generally from the replacement of
transposons (Schramke and Allshire, 2003) or virus
induction.

Small interfering RNA (siRNA), also known
as short interfering RNA or silencing RNA, is a
type of 20 to 25 nucleotide-long double-stranded
RNA molecules with a 3’ two nucleotide overhang,
that take a variety of parts in the cell. This is formed
from the long dsRNA by the cutting activity of a
special enzyme called Dicer. The short interfering
RNA is involved mainly in RNA interfering path-
way, where it is involved in disrupting the function
of a gene by interfering with the RNA expressed
by that gene. siRNA was first discovered as a part
of post-transcriptional gene silencing (PTGS) in
plants by the group of David Baulcombe in Nor-
wich, England (Hamilton and Baulcombe, 1999).
Not much later in 2001, synthetic siRNAs have
been reported to be involved in RNAI initiation in
human cell line (Elbashir ef al., 2001). This discov-
ery has been revolutionizing the field of gene-func-
tion analysis. Short interfering RNAs are believed
to have an important role in viral resistance and in
preventing transposons transposition (Lippman et
al., 2003).

Hairpin RNA (hpRNA) is another form of
dsRNA. It is deduced from a long piece of single
stranded RNA containing inverted repeat and con-
nected by a hairpin (Wesley et al., 2001). This long



piece of single stranded RNA is produced by a vec-
tor introduced in the cell. A constitutive promoter,
U6 in animal cells and caulifiower mosaic virus
35S promoter (CaMV35S) in plants, is used to en-
sure the continuous expression of hpRNA in cell.
Hairpin RNA is transcribed by RNA polymerase
III in animal cell and by RNA polymerase II in
plants miRNAs. These are small non-coding single
stranded molecules of about 21-23 nucleotides in
length, that negatively regulate gene expression,
which were first discovered in the nematode C. ele-
gans, while screening the genes that control devel-
opmental timing (Lee ef al, 1993), and hundreds
of miRNAs have been identified in plants and ani-
mals, including the hundreds unique miRNA from
Arabidopsis alone (Lee and Ambros, 2001; Llave
et al., 2002; Reinhart et al., 2002; Millar and Wa-
terhouse, 2005). Micro RNAs are formed from the
precursor single-stranded RNA transcripts that have
the ability to fold back onto themselves to produce
imperfectly double-stranded stem loop precursor
structures. The main function of miRNA is gene
regulation (Grosshans and Slack, 2002).

Piwi-interacting RNA (piRNA) represents
the largest class of small non-coding RNA mol-
ecules expressed in animal cells, deriving from a
large variety of sources, including repetitive DNA
and transposons (Klattenhoff et al., 2008). piRNAs
appear to act both at post-transcriptional and chro-
matin levels. They are distinct from miRNA due to
at least an increase in terms of size and complexity.
Repeat associated small interfering RNA (rasiR-
NAs) are considered to be a subspecies of piRNA
(Gunawardane et al., 2007).

Mechanism of Gene Silencing

Mechanism of PTGS is a two-step model for
RNAI. The first step, referred to as the RNAI initi-
ating step, involves binding of the RNA nucleas-
es (Dicers) to a large dsRNA and its cleavage into
discrete ~21 to ~25nt RNA fragments (siRNAs). In
the second step, these siRNAs join a multinuclease
complex (RISC), which degrades the homologous
single stranded mRNAs. The first class of RNA
taking an active role in RNAi is dsRNA, which
is formed by complementary base pairing of two
single-stranded fragments of RNA (Agrawal et al.,
2003). Long dsRNAs generally derived from such
events as transposition of transposable elements
(Schramke and Allshire, 2004) or virus induction
(Rovere et al., 2002), with which the PTGS pro-
cess is initiated. The dsRNA alone cannot degrade
mRNA, but requires the assistance of two enzymes
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- namely Dicer and RISC. Dicer, which was first
discovered by Bernstein et al. (2001) in Drosoph-
ila, 1s a complex enzyme belonging to the RNase
[T family. It has four different domains with dif-
ferent functions. They are: (a) N-terminal helicase,
(b) dual RNase III motifs, (¢) C-terminal dsRNA
binding domain, (d) PAZ (Piwi/Argonaute/Zwille)
domain (Kuznetsov, 2003; Arenz and Schepers,
2003). The PAZ domain is believed to physically
interact with the corresponding PAZ domain of the
RISC complex. The dual RNase III motifs perform
the actual cleavage of the dsRNA, hence the char-
acteristic 5’ phosphate and 3’ hydroxyl residues on
the resulting siRNAs. ARGONAUTE! (AGOL1)
mediates the cleavage of miRNA-targeted mRNAs
and maintenance of chromatin structure (Vaucheret,
2006). Experiments involving human Dicer showed
that the cleavage mechanism of the enzyme is ATP
independent (Kuznetsov, 2003). The helicase do-
main is also believed to take part in the process.
The Dicer protein functions in two different path-
ways in silencing a gene by recognizing distinct
types of precursor dsRNA. In the first pathway, Di-
cer cleaves long and perfect dsSRNA structures that
originated mainly from the protein-coding region
to generate double stranded siRNAs, which guide
the subsequent endonucleolytic cleavage of homol-
ogous RNAs with perfect base pairing interaction
(Elbashir ef al., 2001). In the second pathway, Di-
cer can dice imperfect RNA duplexes predominant-
ly derived from the regions between protein coding
genes into short RNAs, which are subsequently re-
cruited into a micro RNA ribonucleoprotein com-
plex (miRNP) to further regulate translational in-
hibition or other PTGS effects (Hutvagner et al.,
2001; Voinnet, 2002). Accordingly, Dicer processes
precursors dsRNAs to generate both siRNAs and
miRNAs. Four types of Dicers involved in small
interfering RNA biogenesis have been reported in
Arabidopsis (Xie et al., 2004 and 2005), they are
DCL1 (miRNA), DCL2 (viral RNA), DCL-3 (en-
dogenous siRNA), and DCL-4 (exogenous siRNA).
RISC is the component of the RNA1 machinery that
uses siRNAs to track down and degrade the target
mRNAs. First discovered in Drosophila by Ham-
mond et al. (2000), RISC consists of both protein
and RNA. The protein component of the complex
has ribonuclease activity with the ability to cleave
RNA. In addition to ribonuclease activity, RISC also
contains a PAZ domain involved in regulation of
RNA interference (RNAi). Additional RISC com-
ponents include two RNA binding proteins, intron-
ic and dFMR protein (Arenz and Schepers, 2003).



The DCR-2/R2D2 complex also facilitates incorpo-
ration of siRNA into the RISC complex (Liu et al.,
2006). RISC utilizes the siRNA and search for the
complementary target mRNA. The sequence and
structure of a siRNA determines which of its two
strands is to participate in the RNA silencing path-
way. Each siRNA dissociates from the Dicer active
site soon after it is produced, its thermodynamics
evaluated by the RNA silencing mechanisms and
then, one strand is selectively loaded onto RISC
and the other is destroyed. The degradation pro-
cess is initiated once the successful location and
cleavage of the complementary mRNA occurs by
the siRNA-RISC complex. In case of translational
repression pathway, small RNAs direct RISC bind
to target mRNA and repress its translation process,
rather than cleavage. Animal miRNAs typically,
but not always, mediate translational repression
rather than cleavage. Translational repression oc-
curs at some stage after translational initiation, be-
cause the distribution of ribosomes along the length
of the repressed mRNA undergoing active transla-
tion (Vauchert, 2006). Thus, these RNAs are not a
single class of ~25nt, but instead are two distinct
species with 21-22nt and 25nt in size. The 21-22nt
siRNA represents the siRNA that guides the RISC
ribonuclease to the target of PTGS (Elbashir et al.,
2001; Aigner, 2006). However, it is unlikely that
the two classes of siRNA have the same function
because they accumulate differently in locally and
systematically silenced tissue. Lipardi et al., (2001)
found that the 3’ hydroxyl group is required in or-
der to direct RNAi in vitro. While, Dicer may incor-
porate siRNAs into RISC following their synthesis,
they do not require the event to occur in vivo. RNA
silencing pathways can be divided into those that
require RNA dependent RNA polymerase (RdRPs)
and those that do not. In C. elegans and N. crassa,
RdRP is required for silencing (Sijen and Kooter,
2000). Two models have been proposed to explain
the role of RdRPs. First, RARPs might use prima-
ry siRNAs to prime the synthesis of dSRNA using
the target mRNA itself as a template. The mecha-
nism of in-trans silencing is most probably based
on the presence of siRNAs that corresponds to the
region of homology between silencing inducer and
target RNA (Depicker and Montagu, 2003). Sever-
al studies on plants indicated that silencing could
also spread to regions downstream of the target (5°-
3’ spreading; Braunstein et al., 2002; Vaistij et al.,
2002). A remarkable feature of PTGS is that it is
non-cell autonomous, i.e. it can be induced in tis-
sue actively expressing a transgene and move as a
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mobile transmissible signal originating from tissue
where the same transgene is silenced (Jorgensen et
al., 1998; Fagard and Vaucheret, 2000). The signal
appears to be a sequence that is specific and move
unidirectional from source to sink tissues (Voinnet
and Baulcombe, 1997; Sonoda and Nishiguchi,
2000). The spread of silencing signal depends on
the transcription of the target RNA (Baulcombe,
2002).

Dicers

Naturally occurring small RNAs can be:
(1) endogenous siRNA; (2) miRNAs involved
in gene regulation; (3) transposon-derived small
RNAs; (4) virus-derived siRNAs. All siRNAs are
the products of degradation of long dsRNA by
RNase IlI-like enzyme family, first discovered in
Drosophila (Bernstein et al., 2001). This enzyme
was named Dicer in animals or Dicer-like (DCL)
in plants. Dicers are multifunctional proteins and
contain one or more dsRNA binding domains.
The number of Dicers may vary in different or-
ganisms. Many animals encode only a single Di-
cer, Drosophila encodes two (Lee et al., 2004),
and four DCL homologues (DCL1, DCL2, DCL3
and DCL4) have been identified in Arabidopsis
thaliana that function differentially in siRNA and
miRNA biogenesis (Schauer et al., 2002). Other
organisms (like C. elegans and humans) used only
a single DCL protein to process both categories of
silencing initiation. DCLI1 is mainly responsible
for the processing of miRNAs (Herr et al., 2005).
Some other factors, such as HEN1 and HYL1 (a
dsRNA binding proteins) also help the DCL1 in
the generation of miRNAs (Vazquez et al., 2004;
Xie et al., 2004). HENT1 is also involved in some
other functions like, natural virus resistance and
transgene silencing (Boutet ef al., 2003). DCL2
was found to be involved in the production of vi-
ral-derived 22-nucleotide siRNAs and antiviral
defence (Gasciolli et al., 2005). This viral-de-
rived siRNA production also required two RdRps
(RdRp1 and RdRp6) depending on the kind of vi-
rus which infect the plant (Muangsan ef al., 2004;
Xie et al., 2004). DCL3 and RdRp2 play a role in
the generation of longer class of endogenous siR-
NAs (24 nt) and RNA-dependent DNA methyla-
tion (Xie et al., 2004). These endogenous siRNAs
are involved in the initiation or maintenance of a
heterochromatic state (Matzke et al., 2004). DCL4
is involved in RNA silencing in plants and seems
to produce 21-nucleotide siRNA component of the
cell-to-cell silencing signal (Dunoyer et al., 2005).



DCLs proteins have an interchangeable and over-
lapping role in both siRNA and miRNA pathways
(Deleris et al., 2006).

RISC Complex

RNA-induced silencing complex (RISC) is
a multi-protein complex involved in different cat-
alytic functions in the process of RNA silencing
as mRNA cleavage and translational inhibition.
The sequence specificity is provided by the small
RNA molecules to RISC. Another proteins AGO
have been found to be part with RISC in all organ-
isms. The AGO proteins are essential for the slic-
ing activity of mRNA. Ten members of the AGO
family have been identified. AGO1 expression is
regulated by a miRNA (miR168) indicating that
the AGOI1 protein regulates its own expression in
a negative feedback loop (Vaucheret et al., 2004).
AGOI1 involved in the slicing activity and process
miRNA and certain classes of endogenous siR-
NAs but not the viral siRNAs (Baumberger and
Baulcombe 2005). The role of AGO4 is in the
production of the long siRNA of about 24 bp. Its
involvement in long siRNA mediated chromatin
alteration (histone methylation) also has been re-
ported (Zilberman et al., 2003). AGO2 is a part of
RISC and it is essential for siRNA-directed RNA
silencing, as reported in Drosophila. AGO2 has no
role in the processing of miRNA, but the role of
AGO1 was indicated (Okamura ef al., 2004). Most
of the AGO proteins are involved in different parts
of RNA silencing (Baulcombe, 2004).

Development of PTGS Therapeutics

The target mRNA is enzymatically cleaved
from any organism with PTGS, leading to de-
creased levels of gene expression of the targeted
gene and the corresponding protein. The specific-
ity of this mRNA silencing is controlled very pre-
cisely at the nucleotide level. RNAi (PTGS) is a
fundamental cellular mechanism that can also be
used to rapidly develop novel drugs against any
disease target. RNAi was considered a novel op-
tion to treat viral infections. The reduction in ex-
pression of pathological proteins through RNAI is
applicable to all classes of molecular targets, in-
cluding those that have been traditionally difficult
to target with either small molecules or proteins
including monoclonal antibodies. RNAi therapeu-
tics are under clinical investigation for age-related
macular degeneration (AMD) and respiratory syn-
cytial virus (RSV) infection, with numerous other
drug candidates.
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Application of PTGS

Until the end of 1980s, only modifications
of DNA or protein that lead to transcriptional re-
pression or activation were classified as epigenetic
drugs. During the 1990s, a number of gene-silenc-
ing phenomena at the posttranscriptional level were
discovered in plants, fungi, and animals, introduc-
ing the concept of PTGS or RNA silencing (Baul-
combe, 2000; Matzke et al., 2001). The application
of dsRNA technology for large-scale investigation
of gene function can be facilitated by making the
critical experimental procedures fast and efficient
(Wesley et al., 2001; Brummell ef al., 2003). RNA
silencing is an adaptive immune response that re-
stricts accumulation or spread of viruses (Morris
and Rossi, 2006). The transfection of mammalian
cells with exogenous siRNAs has rapidly been ad-
opted as a technology for targeted gene silencing
(Elbashir et al., 2001). Transgene intended to gen-
erate only sense or antisense RNA also silence gene
expression, especially in plants (Jorgensen, 2003;
Baulcombe, 2004).

A vector construct containing an inverted
repeat of the 3> UTR of the nopaline synthase
gene from Agrobacteirum has been developed to
provide dsRNA region at the 3” end of the tran-
script (Brummell et al, 2003). This method,
which they termed as silencing by heterologous
3’ UTRs (SHUTR), has been shown to operate ef-
fectively in Arabidopsis and Lycopersicon. Het-
erologous silencing was first reported by Hamil-
ton et al. (2002), who used an inverted repeat of
a 79bp fragment of the 5> UTR of tomato ACO1
transcript. Previous studies of transgene-induced
PTGS in plants have suggested that gene silenc-
ing is initiated in the 3’ region of the target gene
(Sijen et al., 2001). PTGS was induced in tobacco
plants (Petrov and Stoyanova, 2011; Petrov, 2012)
and potato plants cv. Agria by specific siRNAs
for HC-Pro region of Potato virus Y (PVY) strain
NTN, which effectively blocked the viral replica-
tion (Petrov et al., 2015a). PTGS was induced in
potato plants cv. Arinda also by specific dSRNAs
and siRNAs for HC-Pro region of PVY, which
effectively reduced systemic spread of the virus.
Reduction of the expression of the HC-Pro gene
of PVY" in newly grown leaves of potato plants,
and, hence, the viral replication in all inoculat-
ed plants with the virus was established. The old
treated and PVY inoculated leaves of the potato
plants remain infected and later defoliate. All new
leaves of potato plants cv. Arinda (not treated)
grown after treatment with dSRNAs and siRNAs,



and PVY inoculation remain virus-free (Petrov et
al.,2015b).

Successful RNAi applications have been re-
ported for most classes of medically relevant virus-
es including HIV-1, HBV, HCV, RSV, SARS-coro-
navirus, influenza virus, and poliovirus (Haasnoot
et al., 2007, Mescalchin et al., 2011; Leonard. and
Schaffer, 2005). Some of these approaches have al-
ready reached the stage of clinical testing. While
RNAi-mediated therapies against HIV-1 and HBV
are based on shRNA expression systems (Hauss-
ecker, 2008), the most advanced clinical phase 11
trial make use of chemically synthesized siRNAs
against RSV, which are administered by a nasal
spray (DeVincenzo et al., 2010).

PTGS against HIV infections

HIV was the first infectious agent targeted by
PTGS, because its life cycle and gene expression is
well understood. Synthetic siRNAs and expressed
shRNAs have been used to target all of the HIV
encoded RNAs in cell lines (Coburn and Cullen,
2002). Despite the early successes of RNAi-medi-
ated inhibition of HIV-encoded RNAs in cell lines,
targeting the virus directly represents a substantial
challenge for clinical applications because of the
high viral mutation rate. Therefore, avoiding this
problem is based on targeting cellular transcripts
that encode functions required for HIV-1 entry and
replication such as cellular cofactors - NF kappa
beta, the HIV receptor CD4, and the co-receptors
CCRS5 and CXCR4 have all been down-regulated
with the result of blocking viral replication or en-
try (Anderson and Akkina, 2005; Cordelier, et al.,
2003; Surabhi and Gaynor, 2002).

PTGS against CVB3

PTGS has been evaluated as novel strategy
to inhibit CVB3 (Schubert et al., 2005; Merl et al.,
2005; Ahn et al., 2005; Yuan et al., 2005). In order
to investigate the mechanism of RNAi-mediated in-
hibition of CVB3 in more detail, siRNAs were in-
tentionally designed to target the viral plus strand,
the minus strand, or both (Schubert et al., 2007).

Gene-Silencing Strategies to Prevent Viral
Escape

A major problem for the long-term inhibi-
tion of viruses is the emergence of escape mutants.
This limitation, which is well-known for conven-
tional antiviral therapy with low molecular weight
drugs, is applicable to RNAi approaches as well.
Virus escape as a consequence of the accumulation
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of point mutations in or close to the siRNA target
site has been observed for various types of viruses,
including poliovirus (Gitlin ef al., 2005) and HIV
(von Eije et al., 2008). Three counter-strategies
have been followed to counter the problem of vi-
ral escape: (1) targeting of conserved regions of the
virus genome; (2) combination of efficient antiviral
siRNAs; and (3) silencing of host factors that are
essential for the viral life cycle. Mutations in highly
conserved regions of the virus genome are likely
to cause a loss of virulence. Comparison of silenc-
ing by siRNAs against different genomic regions of
CVB3 revealed that targeting of non-structural pro-
tein coding regions is superior to selecting structur-
al protein coding regions, since enzymes often lose
activity when mutations occur (Merl and Wessely,
2007). Several groups have initially directed siR-
NA against the 5’ untranslated region (5’UTR) of
the CVB3 genome, which harbors the internal ri-
bosome entry site (IRES). Interestingly, none of the
tested siRNAs exerted significant antiviral activity
(Merl and Wessely, 2007; Kim et al., 2007). A pos-
sible explanation for this unexpected finding is that
tight structures such as the IRES are detrimental to
siRNA-mediated gene silencing (Schubert et al.,
2005). Only after laborious screening for accessi-
ble sites of complementary oligonucleotides in the
5’ UTR region could ensure siRNAs to target effi-
ciently the IRES and inhibit CVB3 (Dutkiewicz et
al., 2008).

The antiviral activity of the siRNA was im-
proved further by its partial modification with
locked nucleic acids (LNA), which have a high
affinity towards complementary RNAs. Another
highly conserved region of the CVB3 genome is the
cis-acting replication element (CRE) located in the
2C protein coding region. A siRNA directed against
this region conferred sustained protection against
CVB3 and prevented the emergence of viable es-
cape mutants (Lee et al., 2007). Since the CRE se-
quence is identical in other enteroviruses such as
echoviruses 6 and 7, and A-type as well as other
B-type coxsackieviruses, the siRNA has a universal
and persistent anti-enteroviral activity.

A widely employed strategy to minimize viral
escape in conventional virus therapy is to combine
various agents with antiviral activity. For HIV, this
approach is known as highly active anti-retroviral
therapy (HAART) or combined anti-retroviral ther-
apy. The adaptation of this idea to RNAI is the com-
bination of two or more active siRNAs or shRNAs.
Combination of two shRNA expression cassettes in
one vector was found to maintain silencing activity



against mutated target RNAs of CVB3 in a reporter
system, since the second shRNA can compensate
for the loss of silencing activity of the shRNA di-
rected against the mutated target site (Schubert et
al., 2005). A systematic investigation of viral es-
cape in cell culture revealed that cocktails of three
siRNAs targeting distinct sites of the virus genome
could maintain therapeutic efficacy, while virus in-
hibition with dual- or single-molecule-based RNA1
was abrogated by viral escape (Merl and Wessely,
2007). In the long run, however, resistant mutants
are likely to develop even against combinations
of three or more site-specific siRNAs. Therefore,
using a pool of siRNAs covering 3.5 kb of CVB3
genomic sequence was developed (Nygardas et al.,
2009). The pool was generated by synthesizing a
long double-stranded RNA covering the region en-
coding most of the non-structural proteins of CVB3,
which was subsequently cleaved into siRNAs by a
recombinant Dicer. The pool of siRNAs was found
to be significantly more effective than single-site
siRNAs. Although this strategy can be expected to
prevent viral escape, its therapeutic application is
questionable since the antiviral agent consists of a
heterogenous mixture of hundreds of different siR-
NA molecules. It is currently unclear whether the
pool of siRNAs will induce more severe off-target
effects than single siRNAs, since it consists of nu-
merous sequences, each of them being able to po-
tentially regulate non-target RNAs. The third strat-
egy for sustained inhibition of viral spread is silenc-
ing of genes of the host cells that are required by the
virus to enter cells and replicate. The advantage of
this approach is that viruses have a limited capacity
to adapt to host cell changes. CVB3 initially attach-
es to the decay-accelerating factor (DAF), which
serves as a co-receptor, prior to the virus entering
the host cells via CAR. Whereas, CAR is essential
for cardiac CVB3 infection (Shi et al., 2009), most
CVB2, CVB4, CVB6, as well as some strains of
CVBI, CVB3, and CVB5 do not bind DAF (Fre-
imuth et al., 2008). Silencing of CAR was found
to prevent infection of the treated cells by CVB3
(Werk et al., 2005; Fechner et al., 2007). CAR is
located in the tight junctions of epithelial cells (Fre-
imuth et al., 2008; Coyne and Bergelson, 2005) and
its constitutive gene knockout was found to result
in an embryonic lethal condition associated with
cardiac defects (Asher et al., 2005). Animals with a
conditional knockout of CAR at a later time point
of embryonic development (E11) survived to adult-
hood and did not have evident cardiac abnormal-
ities (Chen et al., 2006). Very detailed investiga-
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tions of heart function, however, revealed a block
of atrio-ventricular conduction developed in the
absence of CAR in the adult mouse heart, which
may lead to arrhythmia (Lisewski ef al., 2008; Lim
et al., 2008). Conditional knockout mice exhibited
a complete atrio-ventricular block and various phe-
notypes in other organs as well (Pazirandeh et al.,
2011). It should, however, be noted that no direct
conclusions can be drawn from knockout experi-
ments for RNAi applications, since knockout an-
imals completely lack CAR, while RNA1 only re-
sults in a partial knockdown of target gene expres-
sion, possibly leaving enough for preventing these
defects from occurring. Since CAR might have es-
sential cellular functions, other host factors should
be considered as targets for inhibitors that block
CVB3 indirectly (Coyne et al., 2011). Conserved
regions from VPI1 of the coxsackievirus genome
was identified and used as targets for RNAi (Petrov
et al., 2011). dsRNAs specific for conserved part
of VP1 of coxsackievirus Bl (CVB1) and CVB3
reduced virus titer from 4 to 3 Lg CCID, in vitro
in HEp-2 cells (Petrov and Galabov, 2012a). siR-
NAs from the same gene region reduced CVB1 and
CVB3 virus titer from 5 to 3 in vitro in HEp-2 cells
(Petrov and Galabov, 2012b).

Application of PTGS against CVB3 in Animal
Models

A siRNA targeting the 2A protease encoding
genomic region was found to lead to significant re-
duction of viral tissue titers, attenuate tissue dam-
age, and prolong survival in highly susceptible type
I interferon receptor-knockout mice (Merl et al.,
2005). The siRNAs were applied by hydrodynam-
ic transfection. This method involves high pressure
injection of the nucleic acid into the tail vein, which
does not lend itself to a therapeutic setting for hu-
mans. It was therefore necessary to develop alterna-
tive application routes for efficient RNAi-mediated
inhibition of CVB3. Since delivery of chemically
synthesized siRNAs across the endothelial barrier
to cardiomyocytes is inefficient, even in the pres-
ence of transfection agents, transfer of ShRNA ex-
pression cassettes by viral vectors appears to be the
method of choice. Kim et al. used a lentiviral vec-
tor to deliver the expression cassette for the above
mentioned shRNA against the highly conserved
CRE region (Kim ef al., 2008). Mice were injected
intraperitoneally with the lentiviral vector and were
subsequently challenged with CVB3. Treated ani-
mals had significant reductions in viral titers, viral
myocarditis, and pro-inflammatory cytokines, and,



most importantly, the survival rate was improved
from 20% to 50% at Day 10 after infection (Fech-
ner et al., 2008). The in vitro studies demonstrate
that RNALI is an efficient approach to inhibit CVB3
and subsequent in vivo studies confirmed viral
vectors to be suitable vehicles for the delivery of
shRNA expression cassettes to the heart. Thus, the
technology has the potential to develop into a ther-
apeutic option to treat humans with virus-induced
myocarditis (Schonhofer-Merl and Wessely, 2010).

Conclusion

The implications of PTGS, once viewed as an
impediment to genetic engineering of plants, may
instead be of fundamental importance both for con-
trolling gene expression of pathogenic viral genes,
(thus, inhibiting virus replication) and for use as an
instrument for functional genomics. RNAI can tar-
get specific genes and control their expression. The
problem with escape virus mutants has an alterna-
tive solution via a method, based on the replication
complex of the bacteriophage phi 6. The technolo-
gy produces a pool of siRNAs targeted to a specific
gene region, which overlaps and silences the target
(from any eukaryotic organism) whether a mutation
or recombination appear.
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Microscopic and Molecular Genetic Methods in the Detection of
Bacterial Vaginosis
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Abstract

Every obstetrician or microbiologist encounters bacterial vaginosis (BV) in his/her practice. 50%
of the cases are asymptomatic. The percentage of affected women varies. The aim of this study is inter-
pretation of microscopic and molecular diagnostic techniques for diagnosing fastidious microorganisms
associated with BV. 234 women were tested. Vaginal secretions were collected, after medical history and
detailed gynecological status were completed. Smears were prepared and stained by Gram. Identification
of fastidious Gardnerella vaginalis, Atopobium vaginae, Megasphaera sp. type 1, and BV associated bac-
terium type 2 (BVAB2) was performed by PCR. 112 of the 234 tested women had microscopic evidence
of some vaginal problem. 65 of them, had anaerobic infection found on the basis of the microscopic data.
Materials from women suspected for anaerobic infection were subjected to PCR for proving of specific
anaerobes. In 63 patients G. vaginalis was found, in 27- A. vaginae, in 18 - Megasphaera sp. type 1, and
in 15 - BVAB2. The detected anaerobe in 25 swabs was single. Combination of several pathogens was
demonstrated in 40 women. Gram stain is a fast, easily performed, and specific method for diagnosing BV.
Methodology limitation is the inability to distinguish visually the different microorganisms involved in the
condition. The PCR method provides possibilities for the sensitive, highly specific, and rapid identification
of bacteria-specific markers for BV. Accurate determination of microorganisms involved in this syndrome
provides possibilities for an adequate and complete treatment of the women affected.
Key words: Bacterial vaginosis, Gram stain, polymerase chain reaction, Gardnerella vaginalis, Atopobium
vaginae, Megasphaera sp. type 1 and BVAB2;

Pe3rome

Bceku runekonor u MUKpoOMOJIOT cpewiaT B MpakTHKaTa cu OakrepuanHa BaruHoza. B 50% ot
CIIy4auTe ChCTOSHUETO € 6e3cuMITOMHO. [IporieHThT Ha 3acerHarute *eHu Bapupa. Llen Ha npoyuBaHeTo
€ MHTepIIpeTalts Ha MUKPOCKOIICKUTE U MOJIEKYJISIPHO IMarHOCTUYHUTE METOJIU 32 JIOKa3BaHE HA TPYIHO
KyITUBUpYyeMHU NpuunHuTen Ha bB. M3cnenBanu ca BaruHamHUTE CeKpeTH Ha 234 >KeHH, Clie]l CHEMaHe
Ha aHaMHe3a U cTaryc. M3roTBeHu Osixa HaTpUBKH, oliBeTeHU 1o ['pam. be nmpoBenena naeHTudukanus Ha
Gardnerella vaginalis, Atopobium vaginae, Megasphaera type 1 u BVAB2upe3 PCR. Ot 234 u3cnenBanu
keHu nipu 112 ce ycTaHOBHXa MUKPOCKOTICKU JaHHU 3a BarMHaJIeH nipooiieM. OT X ipu 65 Bb3 OCHOBA Ha
HaTpuBKara Osxa MOTy4YeHH JaHHU 3a aHaepoOHa nHdeknus u choTBeTHO poBeaeHa PCR 3a nokasBane Ha
KOHKpPETHH aHaepoOHu npuuuHuTed. [lomyuenn pesyararu: npu 63 manueHTKUTe 0¢ J0Ka3aHO HATMIUETO
Ha G. vaginalis, npu 27 Ha Atopobium spp., npu 18 Ha Megasphaera type 1 w npu 15 na BVAB2. Ilpu 25
npuunHUATENAT Oe equH. Komndexmus 6e nokazana npu 40 ot nanuentHkute. OnpeTsaBaneTo no I'pam e
Obp3, JeceH U criennduyeH MeTos 3a nuardoctuka Ha bB. Orpannuenne e HeBb3MOXKHOCTTA 3a BU3YaJIHO
pasrpaHr4yaBaHe Ha MUKPOOPTaHU3MHTE, BbBIICUCHU B €THOINaToreHe3ara Ha chetosinueTo. PCR no3BossBa
YyBCTBUTEITHO, BUCOKO CIEIU(UIHO U ObP30 ompesensiHe Ha OaKTepuuTe-MapKepH, xapakrepHu 3a bB.
Tounoto onpenensiHe Ha yyactBamuTe B BB Mukpoopranusmu gaBa Bb3MOKHOCT 3a a/IeKBaTHa Tepanus Ha
3aCerHaTUTE KEHU.
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Introduction

Bacterial vaginosis (BV) is an infectious,
non-inflammatory, polymicrobial syndrome with
yet undetermined etiology and pathogenesis that
affects the lower portions of the genital tract in
women (Sobel, 1997). There is currently no test
that is reliable to the extent of providing a correct
diagnosis. That is why, a lot of scientific teams
continue to search for methods and combinations
thereof, which can be relied upon to be specific and
sensitive, and to minimize possible false diagnoses,
which is also the aim of the present study.

Materials and Methods

A total of 234 vaginal secretions of wom-
en were examined in the age range from 18 to
64 years. At first, each woman signed an in-
formed consent. After thorough medical history
was taken and detailed gynecological status was
completed, most common subjective complaints
found were vaginal discharge and discomfort in
genital area. Two cotton tips were used for ob-
taining the smear from the lateral side of the va-
gina, placing the secretion into Aimes transport
medium for culturing.

The first swab was used for preparing Gram
stain. The second one was used for DNA ex-
traction and molecular diagnostic examination of
G. vaginalis, A. vaginae, Megasphaera sp. type 1
and BVAB2. The extraction was performed with
commercial kit DNA-Sorb-A (Sacace Biotech-
nologies Srl, Italy) in compliance with the manu-
facturer‘s instructions.

Purified DNA of the quantity of 2.5 ul was
used for PCR reactions. The total reaction volume
was 25 pl. Specific primer pairs providing ampli-
fication were used in the reaction with respec-
tive product size: 207 base pairs for G. vagina-
lis, 597 base pairs for A. vaginae, 211 base pairs
for Megasphaera sp. type 1, and 406 base pairs
for BVAB2. The amplification protocol method-
ology for proving BVAB2, A. vaginae, and Me-
gasphaera sp., was identical; it was as follows:
initial denaturation (95°C, 10 min), followed by
40 cycles of denaturation (95°C, 30 sec), anneal-
ing (55°C, 30 sec), and extension (72°C, 30 sec),
with a final elongation of the chain under condi-
tions of 72°C for 7 min. The protocol for G. vag-
inalis was as follows: initial denaturation (95°C,
10 min), followed by 40 cycles of denaturation
(95°C, 30sec), annealing (62°C, 30 sec), and ex-
tension (72°C, 30 sec), with a final extension of
the chain under conditions of 72°C for 7 min.
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Results

No microscopic evidence of disease was
found in 122 (52%) of all 234 women studied.
The remaining 112 (48%) women had microscop-
ic evidence of some vaginal problem. 65 (28%) of
them were suspect, based on the smear anaerobic
infection. These materials were subjected to DNA
extraction, and subsequent polymerase chain re-
action was performed for detection of any anaer-
obic bacteria that were possible causative agents
of BV. The results obtained were as follows: 63 of
the patients demonstrated presence of G. vaginalis
(96.9%), 27 (41.5%) - of A. vaginae, 18 (27.7%)
- of Megasphaera sp. type 1, and 15 (23.1%) - of
BVAB2. Only one causative agent was detected in
25 (38%) smears. Coinfections were demonstrated
in 40 (62%) tested swabs.

Discussion

BV disease was first described in 1955 by
Gardner and Dukes as rarely occurring watery, ho-
mogeneous discharge with unpleasant odour (Spie-
gel, 1991). Westrdum and co-authors introduce the
concept BV in 1984. The International Statistical
Classification of Diseases and Related Health Prob-
lems (10th Revision Version) for 2006 does not emit
BV as an independent disease. At this stage, it is
statistically identified under the heading of non-in-
flammatory diseases of the vagina. According to
the World Health Organization recommendations
from 2005, BV relates to endogenous infections af-
fecting the reproductive tract in humans.

The different reasons that may lead to this
condition still remain unexplained. Various stud-
ies demonstrated the conditions that could provoke
BV: promiscuity or having a new partner; use of
intrauterine contraception; frequent vagina washes,
etc. It was found that women cannot become in-
fected with BV when using the toilet, swimming
pools, or mutual bed linen. Studies have demon-
strated that women without active sexual life rarely
develop BV.

In healthy women, vaginal ecosystem is
balanced due to different bacteria (Zhou et al.,
2004; Sobel, 1999 ): Staphylococcus, Streptococ-
cus, Enterococcus, Corynebacterium, Escherichia,
Ureaplasma, Mycoplasma, Peptostreptococcus,
Gardnerella, Bacteroides, Veillonella, Bifidobac-
terium, and Candida (Marrazzo et al., 2002). The
balance is maintained mainly by representatives
of genus Lactobacillus, which convert glycogen
in the epithelial cells of the vagina into lactic acid,
through the production of hydrogen peroxide, and



provide acidic pH in the vagina. The acidic envi-
ronment of the vagina inhibits the development of
pathogenic and commensal microflora. In addition,
the normal flora of the vagina synthesizes antimi-
crobial peptides that ensure the balance and pro-
vide prevention from invasion of atypical micro-
organisms (Hiller, 1998). Despite these and other
defensive mechanisms, characteristic of the vaginal
mucosa, each woman, at least once in her life, ob-
tains such an infection. Even repeated (recurrent)
infections could be registered in some 5-10% of the
female population.

In more than 50% of the cases of BV no
characteristic signs are detected. The condition is
determined as asymptomatic bacterial vaginosis
and requires the use of microscopic and molec-
ular biological methods for the diagnosis specifi-
cation. Many countries have developed screening
BV programs especially for young women in or-
der to prevent possible health complications such
as pelvic inflammatory disease (PID), premature
birth, coinfections with other sexually transmitted
pathogens, etc.

The existence of imbalance in the vaginal
ecosystem is typical for BV. Another feature is the
abruptly reduced number of representatives of ge-
nus Lactobacillus (especially L. acidophilus). As a
result, change in the pH occurs and proliferation of
anaerobic bacteria such as Ureaplasma, Mycoplas-
ma, Gardnerella, Mobiluncus spp., Atopobium sp.,
Megasphaera sp. typel, BVABI-3, Leptotrichia,
etc., is stimulated. The amount of bacteria in vol-
ume of 1 ml from 10° (in healthy woman) typically
reaches amounts of 10", These organisms produce
a number of organic products that lead to the exfo-
liation to the vaginal mucosa. It is interesting that
more than 50% of women with such changes in the
vagina have no presence of any clinical manifesta-
tion.

The microbiological diagnosis of BV is a
challenge. That is due to the following reasons:
the large amount and variety of bacterial etiologic
agents; the detection of new species recently ac-
cepted as involved in the pathogenetic process; the
lack of clear bacterial markers for the condition,
etc. For example, one of the bacterial pathogens for
years associated with the etiology of BV - G. vag-
inalis, was isolated in 83% - 94% of women with
clinical symptoms, but is also evidenced in 36% -
55% among the healthy female population or, more
precisely, among women without clinical signs
(Hiller, 1993). Another example is A. vaginae, also
isolated from materials of patients with complaints,
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but also from women with regular gynecological
examination without any symptomes.

Therefore, the correct detection of that med-
ical condition requires a complex approach in the
diagnostic algorithm of BV. There are two main ap-
proaches - clinical criteria and application of labo-
ratory tests.

The clinical approach is based on the so-called
Amsel (Pheifer et al., 1978, Amsel et al.,1983) cri-
teria, that include the following: vaginal pH > 4.5;
thin, gray, and homogenous discharge; positive
whiff test - in addition to the mucus of 10% KOH,
smell of “amines or fish” occurs; demonstration of
clue cells on a saline smear. The presence of 3 of the
4 criteria is indicative of BV (Amsel et al., 1983).

The laboratory tests include preparation of
native smears or coloring with Gram, methylene
blue, or PAP staining, plus one of the next meth-
ods- culturing with subsequent identification of
the species; molecular genetic methods; liquid-gas
chromatography.

Methods, that are still in investigation stage
and, however, are already embarked on the practice
in some countries, are:

OSOM® BVBIlue® chromogen system- a di-
agnostic test, which enables determining in vaginal
secretions of the presence and level of the enzyme
sialidase. It was found that this enzyme is produced
by a number of bacteria such as Gardnerella, Bac-
teroides, Prevotella, and Mobiluncus, all associat-
ed in the pathogenesis of BV. The sensitivity of the
metnod is 88% - 94%; the specificity amounts to
91% - 98% (Myziuk et al., 2003; Sumeksri et al.,
2005; Bradshaw et al., 2005).

FemExam G. vaginalis PIP Activity is anoth-
er type of test. It detects proline aminopeptidase
activity of the anaerobic bacteria, especially in G.
vaginalis. The sensitivity of the test is 89% - 92%,
and the specificity is 94% - 96% (Nelson et al.,
1994; Calderén et al., 1997).

FemExam pH - allows the determination of
pH and the presence of trimethylamine (Gutman et
al., 2005; West et al., 2003).

Different quantitative PCRs for G. vaginalis,
A. vaginae, and other bacterial participants in the
pathogenesis of BV are at some stage of develop-
ment (Menard ef al., 2008; Cartwright et al., 2012).
At least 17 species undergo research.

Fluorescence in situ hybridization (FISH) is
applied for the analysis of urine, wherein BV is de-
termined as biofilm desquamation of the epithelium
of the vaginal mucosa in sedimintation (Swidsinski
etal., 2010).



In the present study, BV was determined us-
ing the combination swab stained by Gram’s meth-
od, and PCR for detection of G. vaginalis, A. vagi-
nae, Megasphaera sp. type 1 and BVAB2.

Culture method with subsequent identifica-
tion was not used due to the fact that the method
process is laborious and time-consuming. On the
other hand, the presence of fastidious bacteria such
as Atopobium spp., Megasphaera sp. type 1, BVAB
1-3, Leptotrichia, Ureaplasma and Mycoplasma
cannot be subjected to cultivation and, thus, it lim-
its the application of the method. Their detection
is crucial for adequate therapy. It is due to the fact
that most of the Atopobium spp. strains are resistant
to treatment with metronidazole, frequently used in
the therapy of BV. When resistance is present recur-
rent forms of BV occur.

In this study the prepared and stained by
Gram’s method smears were assessed, based on
a standard scoring system (Tab. 1). The diagnos-
tic criteria of this scoring system were introduced
by Spigel et al and later modified by Nugent et al.
(Spiegel, 1991). The slides were observed with im-
mersion (1000 x magnification) and were evaluat-
ed over 20 visual fields for the following types of
bacteria:

¢ long Gram-positive rods (Lactobacillus spp.)

e small Gram-variable rods (Gardnerella vag-
inalis)

¢ small Gram-negative rods (Bacteroides spp.)

e curved Gram-variable rods (Mobiluncus spp.)

Gram-positive cocci were not a part of the
scoring system.

When Nugent Score system is applied it is
important to pay attention on the following: the
number of polymorphonuclear leukocytes in BV
has to be low (Holmes et al., 1983); and the ,,clue
cells” are very specific BV indicator, if they are
more than 20% of the epithelial cells on the smear
(Eshenbach et al., 1988).

PCR is one of the main methods by which ac-
curate and quick identification of bacterial markers
for BV could be performed. It is important to de-
termine correctly and detect all the microorganisms
involved in the etiopathogenesis of BV. This will
allow appropriate treatment of the condition. The
amplification technologies are characterized by
high specificity and sensitivity (Ferris et al., 2004).
The presence of different microorganisms does not
suppress the test performance. Even more coinfec-
tions could be detected, based on the reagents in-
cluded in the reaction system. Advantage of the lat-
ter method is the possibility of using different types
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of biological samples comprising the already dead
microorganisms in them. This eliminates the prob-
lem of the great instability of some of the microor-
ganisms associated with BV. Many PCR techniques
have been developed, some of which were used in
this study.

No microscopic evidence of the disease was
found in 122 (52%) of all of the 234 examined
women. Microscopic evidence of vaginal problem
was detected in the remaining 112 (48%) women.
In 65 (28%) of the latter 112 women, anaerobic
infection was suspected, based on Gram stained
smear. These materials were subjected to DNA ex-
traction and subsequent polymerase chain reaction
for detection of anaerobic bacteria. The obtained
results were as follows: G. vaginalis was found in
63 smears (96.9%), A. vaginae in 27 (41.5%), Me-
gasphaera sp. type 1 in 18 (27.7%), and BVAB2 in
15 (23.1%). 25 (38%) materials had only one caus-
ative agent. Coinfections by different pathogens
was demonstrated in 40 (62%) vaginal swabs.

Conclusions

Gram staining is a quick, cheap, and sensi-
tive method for the detection of BV. It allows ob-
taining of information for “clue cells”, lactobacilli,
and other microflora, presence or absence of poly-
morphonuclear leukocytes. Disadvantage of the
methodology is its inability of visual differentiation
between the microorganisms involved in the etio-
pathogenesis of the condition. The method is sub-
jective, and requires experience and competence of
the observer. The PCR provides possibilities for the
sensitive, highly specific, and rapid identification
of bacteria-markers of BV. Accurate detection of
the involved in BV microorganisms provides pos-
sibilities for an adequate treatment of the affected
women.
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Table 1. Nugent Score (a Gram stained scoring system) for evaluation of bacterial vaginosis

Morphotype
Score Lactobacilli Gardnerella Mobiluncus
Gram-positive rods Gram-variable rods Gram-variable rods
0 > 30 0 0
1 5-30 <1 1-5
2 1-4 1-4 >5
3 <1 5-30 -
4 0 > 30 =

Interpretation of the Nugent Score system: 0 - 3 - normal; 4-6 - intermediate form; 7-10 - bacterial vaginosis;

clue cells” - with more than 20% of the epithelial cells.
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A Post-Operative Infection Caused by Bacillus circulans and Paenibacillus
macerans in a Patient with Brain Tumour

Lena Setchanova!, Raina Gergova'”, Evelin Dinev?, Ivan Mitov', Marin Marinov?
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Abstract

We report a case of post-operative infection due to rarely isolated bacteria - Bacillus circulans and
Paenibacillus macerans - in a 49-year-old woman following resection of a tuberculum sellae meningioma.
The two bacterial pathogens were isolated from a cerebrospinal fluid specimen. These bacteria are
opportunistic pathogens, which have often been ruled out as culture contaminants when isolated from
clinical material.
Key words: neurosurgical infection, B. circulans, P. macerans

Pe3rome

B crarusara ce ommcBa ciydail Ha MOCT-ONEpaTHBHA MHQEKIUS, MPUIUHEHA OT PSIKO U30JHUPAHH
Oakrepud - Bacillus circulans v Paenibacillus macerans B 49-ronuiiiaa xeHa clie]] pe3eKIus Ha MEHaHToMa
B oOactTa Ha tuberculum sellae. /IBara GakTepuaHu NPUYMHUATENN Os1Xa U30JIMPaAHH OT LiepeOpocnHaIHA
TEYHOCT Ha TnarueHTa. JudepeHnupanure 6aKTepuu ca OMOPTIOHUCTHYHU TPUYUHUTEIIN, KOUTO Y€CTO CE
MpHEeMarT 3a 3aMbPCHUTEIN Ha MMOCEBKUTE WJIM KIIMHUYIHHS MaTepHall.

Introduction Case Report
Health care-associated (or nosocomial) infec- A 49 year-old woman underwent frontosphe-
tions represent one of the most common complica-  notemporal craniotomy in Neurosurgical Clinic for

tions of health care delivery. Between 5 and 10%  the treatment of tuberculum sellae meningioma.
of patients admitted to acute care hospitals acquire ~ After resection of the meningioma, surgeons used
an infection during their hospital stay. One of the  duraplasty by applying fibrin glue as a dural seal-
major site infections among nosocomial infections  ant; a postoperative drainage tube was also added.

in hospitals are surgical site infection (SSI). SSI'in-  Ten days after the operation patient began to ex-
crease hospital expenses and length of stay, which  perience frontal headaches, hypothalamic symp-
cost the health care system billions of dollars annu-  tom-complex, giddiness, and became increasingly
ally (Logan et al., 2011). disoriented. Additionally, she had moderate paresis

Reports of infections with non-Bacillus cere-  of the left leg, and electrolytic disorders. A crani-
us group species are comparatively rare (Noskin e  al computerized tomography scan showed a small
al., 2001). A few reports of bacteremia, brain ab-  ischemia in the area of caudate nucleus (caput)

scess, peritonitis, and meningitis due to Bacillus  in the right hemisphere, and data for intracranial
spp., mostly in immunocompromised patients, have  postoperative infectious alterations in the wound.
been published in the literature (Berry ef al., 2002; A lumbar puncture was performed, yielding xan-
Bert et al., 1995; Galanos et al., 2003; Krause et  thochromic cerebrospinal fluid (CSF), and its
al., 1999). All Paenibacillus species bacteria were  laboratory examination showed: increase of com-
originally classified as part of the Bacillus genus  mon proteins - 0.84 g/l; decrease of glucose (5.24
(Teng et al., 2003). This report describes a case of ~ mmol/l) in comparison with its level in the serum
SSI with two rarely isolated Bacillus species in a (10,63 mmol/l). The patient’s white blood cell and
patient following cranial surgery for meningioma. C-reactive protein (79.41 mg/L) levels became rap-

*Correspondence: Assoc. Prof. Raina Gergova, M.D., Ph.D.,

e-mail: renigergova@mail.bg

Medical University of Sofia, Faculty of Medicine, Department of Medical
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idly elevated. A CSF sample was taken for micro-
biological analysis, and empirical antibiotic treat-
ment was initiated with ceftriaxone plus amikacin.
The antibiotic regimen was changed to intravenous
amoxicillin-clavulanic acid five days later. The pa-
tient recovered well and was discharged four weeks
after the brain tumor surgery.

The CSF specimen was centrifuged and Gram
staining of its sediment was performed. Additional-
ly, the sediment was cultured on 5% sheep blood
agar, chocolate agar, and thioglycollate broth. Di-
rect Gram staining of the CSF revealed the presence
of polymorphonuclear leukocytes and round-end-
ed Gram (+) rods. The overnight cultures yield-
ed a growth of two types of colonies which were
sporulating Gram (+) rods. They were identified
as Bacillus circulans and Paenibacillus macerans
via BBL Crystal™ GP identification panel (Becton
Dickenson Company Ltd.) and traditional routine
biochemical tests following the methods given in
the Manual of Clinical Microbiology (Logan et al.,
2011).

Antimicrobial susceptibility was examined
by broth microdilution method as recommended
by the Clinical and Laboratory Standards Institute
(CLSI) guidelines (CLSI, 2010), using commercial-
ly prepared panel CMP2IHM Gram (+) (Sensititre,
Trek Diagnostic Systems Ltd., UK). The CLSI in-
terpretive standards, established for Staphylococci,
were used since no interpretive standards have been
established for Bacillus spp. (CLSI, 2010).

The microbiological characteristics of the
two Bacillus spp. isolates were as follows: The col-
onies of B. circulans were spreading on blood agar,
sporulating with subterminal spore, distending the
cell. It grows on sheep blood agar as non-hemolyt-
ic, grey, and sticky to agar (adherent colonies). It is
motile, produces catalase, and does not produce any
acid from arabinose and cytochrome oxidase; BBL
Crystal™ GP identification panel showed that it
was 99,9% B. circulans. The strain was resistant to
penicillin, ceftriaxone, chloramphenicol, and clin-
damycin, and was sensitive to amoxicillin-clavu-
lanic acid, gentamicin, amikacin, vancomycin,
levofloxacin, and meropenem. The isolate P. mac-
erans was also sporulating with subterminal spore,
not distending the cell. It grows as non-hemolytic,
large (3-4 mm), off-white, and butyrous (in consis-
tency) colonies; the species was motile, produces
catalase and acid from arabinose and does not pro-
duce cytochrome oxidase; BBL Crystal GP panel
showed that it was 99,3% P. macerans. This isolate
was resistant to penicillin, ceftriaxone, and clinda-
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Fig. 1. Bacillus circulans - an indirect fluorescent
antibody test.

mycin, and was sensitive to amoxicillin-clavulanic
acid, gentamicin, amikacin, vancomycin, chloram-
phenicol, levofloxacin, and meropenem.
Additionally, two serologic tests were per-
formed 11 (the first serologic test) and 23 days (the
second serologic test) after the onset of post-op-
erative infection in patient, with cultures on solid
media for both bacillary strains that were isolated
from CSF. We performed an indirect fluorescent an-
tibody test (FA) to measure the antibody levels of
Bacillus spp. bacteria, as shown in Fig. 1 and Fig. 2.

Fig. 2. Paenibacillus macerans - an indirect fluo-
rescent antibody test

Increasing antibody titers were detected: 16
from the first serologic test and 64 from the second
one for B. circulans, and, respectively, 8 from the
first test and 32 from the second for P. macerans,
after twelve days.

Making an attempt at determining the mech-
anism of B-lactam resistance in the both Bacillus
species, we performed B-lactamase testing using



two methods: a chromogenic cephalosporin test
with nitrocephin paper disks (Cefinase, BBL), and
Crude enzyme test with homogenates obtained by
ultrasound distraction of the cells. The Crude test
was performed with 5 pl of the cells and 30 pl
nitrocephin solutions (500 mg/L). Beta-lactamase
production has not been detected by these meth-
ods.

Discussion

Bacillus spp. are aerobic Gram (+), spore-form-
ing rods, normally found in soil, water, and decom-
posing organic matter (Logan et al., 2011). Since Ba-
cillus spp. are sometimes laboratory contaminants,
isolation of the organisms from clinical specimens
of sterile sites does not indicate infection unless
they are detected in multiple sets (Galanos et al.,
2003). Our patient was considered to have a genu-
ine, post-operative infection, despite that bacteria
were isolated from CSF sample, and that we had
clinical and laboratory data for central nervous
system infection 10 days after operation (surgical
excision of a brain tumor). These isolates were
considered to be responsible for the infectious
process, because direct Gram staining of the CSF
demonstrated spore-forming Gram (+) bacilli, and
increasing serum antibodies in double samples
against both isolated bacteria were detected. The
two serologic FA tests on patient for detection of
antibodies can confirm the clinical diagnosis af-
ter cultures were obtained. These Bacillus spp.
are less pyogenic microorganisms, which was the
reason for late onset of this postoperative wound
infection. The two bacillary strains are environ-
mental organisms with relatively low pathogenic-
ity, and they were probably introduced intraopera-
tively (the surgeons supposed it occurred by fibrin
glue used for plastic surgery of dura). However,
we could not establish the source of infection be-
cause we took the material for culturing of this
fibrin glue from a new batch.

A few reports of infections due to Bacillus
spp., mostly in immunocompromised individuals,
have been published in the literature. B. circu-
lans has been described as a cause of intravenous
catheter-related bacteremia, cerebrospinal fluid
shunt infections, prosthetic heart valve endocar-
ditis, wound and joint infections (Logan et al.,
2011, Galanos et al., 2003). P. macerans was due
to pseudobacteremia (Noskin et al., 2001, Teng et
al., 2003).

Most Bacillus spp. are sensitive to penicil-
lin and ceftriaxone, which are a kind of empiri-
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cal therapy for central nervous system infections
(Weber et al., 1988), but in our case B. circulans
and P. macerans were resistant, and we had im-
provement in our patient after introduction of the
intravenous antibiotics amikacin and later amoxi-
cillin-clavulanic acid. We could not prove B-lact-
amase enzymes in both B. circulans and P. mac-
erans species, but our hypotheses are that mecha-
nisms of B-lactam resistance in Bacillus circulans
and Paenibacillus are based on membrane-asso-
ciated enzymes that have been rarely reported in
other Bacillus spp. (Logan et al., 2011)

Prevention of post-operative nosocomial in-
fections 1s unfortunately not achieved even with
the antibiotics used for prophylaxis. The most im-
portant aspect of prevention of nosocomial infec-
tions is strictly observed aseptic working.
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Abstract

The fungal strain Aspergillus fumigatus 3, was isolated from metal polluted soil (around the tailing
Vlajkov vrah, Bulgaria). Effect of enhanced concentrations of cadmium ions (redox-inactive metal) on
the growth and morphology, as well as the participation of oxidative stress in cadmium-induced toxicity,
was reported. A. fumigatus demonstrated a high tolerance to cadmium, exhibiting remarkable growth
in liquid and agar media. High metal concentrations affected fungal morphology and caused oxidative
stress events such as changes in the level of reserve carbohydrates and oxidative damaged proteins.
A sharp increase in trehalose content and accelerated consumption of glycogen in the presence of cadmi-
um ions at concentration above 5 pg/ml were detected. In addition, a decrease in carbonylated proteins
was measured, particularly pronounced at high concentrations (70 and 100 pg/ml). Cadmium ions ex-
posure with 5, 20, and 50 pg/ml resulted in enhanced superoxide dismutase (SOD) level, but the higher
concentrations (70 and 100 pg/ml) significantly inhibited this activity. Continuous decrease was also
observed for catalase (CAT) activity. Probably, at higher concentrations of cadmium ions antioxidant en-
zymatic defence does not seem to be a major mechanism of cadmium tolerance in the strain A. fumigatus.
Key words: heavy metals, filamentous fungi, oxidative stress, biomarkers, antioxidant enzymes

Pesrome

Ilam Aspergillus fumigatus 3, € W30IMpaH OT MOYBM B pallOHa Ha MEIHM MHMHH BrailikoB BpbX
(bbarapust), 3aMbpceHH ¢ TeKKU MeTanu. [IpoydeH e e(eKThT Ha MOBUILIABAIIN CE KOHIIEHTPALIUHU KaJIMUEBU
HOHU BBPXY pacTeka 1 MOp(HOJIOTHsITa HA MOJICITHUSI OPTaHU3bM, KaKTO M y9aCTHETO Ha OKCHIATUBHUS CTPEC
B METaJI-UHAyLIMpaHaTa TOKCUYHOCT. 4. fumigatus NposiBsiBa pacTeK B T€UHA U arapoBa Cpeia B IPUCHhCTBUE
Ha KaJMueBH HOHM 710 200 MKI/MII, KOETO JI0Ka3Ba HEroBaTra BUCOKA TOJIEPAHTHOCT. ETHOBpEMEHHO ¢ TOBa
ce HaOmoaBaT U3MeHEeHUs! B MOpQoJIorusiTa Ha KOJIOHUHUTE. TpeTupaHeTo Ha KyJaTypara ¢ MOBMILIABAIIH
ce KOHILIEHTpallMd METaJHM HOHM Npeln3BUKBA NMPOMEHM B HHMBAaTa Ha PE3EPBHUTE BBINIEXUAPATH U
OKCUJIATUBHO YBPEACHUTE OENTBHIM, KOETO € YKa3aHUe 3a MPOosiBaTa Ha OKCUAATHBEH CTPEC. YCTAHOBEHO €
PS3KO YBEIMUYEHUE B ChABPKAHUETO HA TPEXajo3aTra U YCKOPEHO YCBOSIBAaHE HA INIMKOT€HA B IPUCHCTBUETO
Ha KaJMMEBM MOHM B KOHLIEHTpauus Haja 5 Mkr/mu. HaGmrionaBa ce MOHMXKEHHE B KOJIMYECTBOTO Ha
OenThIUTE, ChABPKAIIY KapOOHUIIHH TPYIIH, 0COOECHO CHITHO U3pa3eHO MPU BUCOKUTE KOoHIeHTpauuu (70 u
100 mxr/mn). [lokaro BB Bapuantute ¢ 5, 20 u 50 MKr/mMi ce HaOIro1aBa MOBUIIIEHA AKTUBHOCT Ha €H3MMa
cynepokcun qucmyTtasza (CO/), To nmpu xonnentpauuu 70 u 100 MKr/mi1 Ta3u akTUBHOCT 3HAYUTEJIHO CE
noHmxasa. OTOessA3Ba ce U MOHM)KaBaHEe aKTUBHOCTTA Ha €H3MMa KaTasia3a BbB BCUUKH TPETHPAHH KYJATYPH.
BeposiTHO, aHTHOKCHIaHTHATa €H3MMHA 3allUTa HE € 4aCT OT OCHOBHMS MEXAHU3bM 32 TOJIEPAHTHOCT Ha 4.
Jfumigatus KbM BUCOKU KOHIIEHTpAIlUU Ha Ka]MUEBU HOHHU.

*Correspondence to: Ekaterina Krumova
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Introduction

Heavy metals are present in soils as free met-
al ions, soluble metal complexes (sequestered to li-
gands), exchangeable metal ions, organically bound
metals, precipitated or insoluble compounds such
as oxides, carbonates, and hydroxides, or they may
form part of the structure of silicate materials (in-
digenous soil content) (Leyval et al., 1997). Some
metals that have received more attention are mercu-
ry, cadmium, and lead, because of their highly toxic
properties and their effects on the environment and
the living organisms (see Singare ef al., 2012).

Cadmium is a very toxic metal - a signifi-
cant environmental pollutant. This heavy metal or
a metal trace element, is dispersed in natural and
agricultural environments principally through hu-
man activities such as mining, refining, munici-
pal waste incinerators, and fossil fuel combustion
sources (Wagner, 1993), as well as natural rock
mineralization processes (Sanita di Toppi and Ga-
brielli, 1999). Cadmium presence into agricultural
soils resulted in the application of phosphatic fer-
tilizers (Williams and David, 1976; McLaughlin et
al., 2000), soil amendments with municipal sew-
age sludges, and atmospheric deposition (Wagner,
1993; Weissenhorn and Leyval, 1995).

In naturally polluted environments, the mi-
crobe’s response to heavy metals toxicity depends
on the concentration and the availability of met-
als, and on the action of factors such as the type of
metal, the nature of medium and microbial species
(Hassen et al., 1998). One of the major mechanisms
behind heavy metal toxicity includes production
of reactive oxygen species (ROS). These highly
reactive ROS can interact with various cellular
components leading to oxidative damage
of all cellular macromolecules. To minimize
the damaging effects of ROS, aerobic organisms
evolved both non-enzymatic and enzymatic antiox-
idant defense systems. Microorganisms have been
shown to possess an ability to survive by adapting
or mutating at high concentrations of toxic heavy
metals. Fungi are also known to tolerate heavy
metals (Gavrilesca, 2004; Baldrian, 2003).

The response of microorganisms towards
toxic heavy metals is significant due to the interest
they represent in the reclamation of polluted sites.
Living organisms exposed environmentally to high
metal concentrations follow various mechanisms to
counter potential toxicity. Recent research indicates
that cadmium induces oxidative damage in cells,
and alterations in the activities of antioxidant en-
zymes (Yildirim and Asma, 2010). Although it was
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described that heavy metals are extremely toxic to
a lot of living cells, little is known about the de-
fence responses to metal-induced oxidative stress
at subcellular level. We are interested in the way
the fungal cell counteracts cadmium toxicity. The
aim of this recent study is to investigate the cell
response of the filamentous fungus, isolated from
metal polluted soils, against cadmium. Changes in
the fungal morphology and physiology as a result
of cadmium ions treatment were observed. The role
of antioxidant enzyme system in the cell response
against cadmium toxicity was investigated.

Materials and Methods

Microorganism and Culture Conditions

The investigation was performed with fila-
mentous fungus Aspergillus fumigatus isolated from
a soil sample taken from a metal polluted region with
strong industrial activity in the tailing Vlajkov vrah
near Pazardzhik (Bulgaria). Submerged cultivation
was performed in 500 ml Erlenmeyer flasks for 72
hours. Composition of the seed and production me-
dia, and the culture conditions were as previously
described (Krumova et al., 2009). For investigation
of the effect of different cadmium concentrations,
cultures were incubated with different concentra-
tions of cadmium chloride, in order to achieve 5,
20, 50, 70, and 100 pg/ml of cadmium ions, added
at the beginning of cultivation. Results were evalu-
ated from repeated experiments using three parallel
runs.

Macroscopic Study

To monitor the metal-resistance of the fungal
strain, conidiospores were cultivated in Petri dish-
es (d = 10 mm) with beer agar, supplemented with
various concentrations of cadmium chloride in or-
der to achieve 50, 100, and 200 pg/ml for 7 days at
28°C. The following morphological characteristics
were evaluated: colony growth (length and width),
presence or absence of aerial mycelium, colony
color, presence of wrinkles and furrows, pigment
production, etc.

Cell-Free Extract Preparation

The cell-free extract was prepared as de-
scribed earlier (Angelova et al., 1995). All steps
were performed at 0-4°C.
Enzyme Activity Determination

SOD activity was measured in cell-free ex-
tracts (CFE) by nitro blue tetrazolium (NBT) re-
duction (Beauchamp and Fridovich, 1971). One
unit of SOD activity was defined as the amount
of SOD required for inhibition of the reduction of



NBT by 50% (A,,,) and was expressed as units per
mg protein (U/mg protein). Catalase was assayed
by the method of Beers and Sizer (1952) in which
the decomposition of hydrogen peroxide was ana-
lysed spectrophotometrically at wavelength of 240
nm. One unit of catalase activity was defined as the
amount of enzyme that decomposes 1 mmol hy-
drogen peroxide per minute at an initial hydrogen
peroxide concentration of 30 mmol/L, at pH = 7.0
and 25°C. The specific activity is expressed in U/
mg protein.

Measurement of Protein Carbonyl Content

Protein oxidative damage was measured
spectrophotometrically as protein carbonyl content,
using the dinitrophenyl hydrazine (DNPH) binding
assay (Levine et al, 1990), slightly modified by
Adachi and Ishii (2000).

Determination of Reserve Carbohydrates

In order to determine glycogen and treha-
lose content, a procedure, previously described by
Becker (1978) and Vandecamen et al. (1989), and
then modified by Parrou et al. (1997), was used.
Soluble reducing sugars were determined by the
Somogyi-Nelson method (Somogyi, 1952).

Other Analytical Methods

Protein was estimated by the Lowry proce-
dure (Lowry, 1952), using crystalline bovine al-
bumin as a standard. Dry weight determination
was performed on samples of mycelia harvested
throughout the culture period. The culture fluid was
filtered through a Whatman filter (Clifton, USA
No. 4). The separated mycelia were washed twice
with distilled water and dried to a constant weight
at 105°C.

Results

Effects of Cadmium on the Colony Growth and
Morphology

The effect of cadmium on the growth of 4.
Sfumigatus 3, consisted of three components: the

reduction of radial growth rate, inhibition of for-
mation of conidia, and changes in colony morphol-
ogy in the presence of heavy metal of up to 200
ug/ml (Table 1). Concentrations of up to 20 pg/ml
cadmium ions did not significantly affect the col-
ony growth (data were not shown). However, the
exposure to the enhanced concentrations of cadmi-
um ions resulted in a significant reduction in colony
diameter in a concentration-dependent manner. At
the highest concentrations applied (200 pg/ml), the
model strain formed microcolonies.

Table 1 also demonstrates the variability of
morphological features in the presence of cadmium
ions. Several authors have reported the formation
of colorful mycelia in the presence of heavy met-
als on agar media (Darlington and Rauser, 1988).
In the present study, changes in colony color from
blue-green in the control variant, through yellow (at
50 and 100 pg/ml Cd*"), to white (at 200 ug/ml)
were observed.

Moreover, surface changes also occur in the
presence of cadmium ions. The control variant
demonstrated smooth velvety surface, gray-green
aerial mycelium, and green substrate mycelium
with white, jagged edge without fluid droplets.
Presence of cadmium ions leads to forming of yel-
low velvet colony with streaked surface. With in-
creasing metal concentrations, the culture showed
delayed sporulation along with increase in content
of cadmium 1ons.

Effect of Metal Concentration on Biomass
Production under Submerged Cultivation

Growth of 4. fumigatus was studied in rela-
tion to enhanced cadmium concentration (5, 20, 50,
70, and 100 pg/ml) under submerged conditions
(Fig. 1). The results illustrated that the model strain
can grow in the presence of a wide range of cadmi-
um ion concentrations (5 - 100 pg/ml). However,
the presence of cadmium ions influences the bio-
mass production by decelerating the rate of growth

Table 1. Morphological changes in model strain in the presence of different concentration Cd ions

Cd?" concentration [pg/ml]

Control 50

100 200
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Fig. 1. Biomass content of A. fumigatus in pres-
ence of different Cd ions concentrations
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in comparison with the control medium. A clear
trend of cadmium-induced decrease in biomass
content in dose-dependent manner was observed.
Concentrations of 5 pg/ml led to reduction in bio-
mass by 38%, as compared with the control. Al-
though the enhanced presence of cadmium ions in
culture medium caused a significant decrease in dry
mass content (about 80% of the control), the strain
demonstrated mycelial growth even at 100 pg/ml.

Cadmium-Induced Toxicity and Oxidative Stress
Biomarkers

Excess of heavy metals cause toxic effects
in several ways, one of them being the excessive
production of ROS, which disturb the cellular redox
environment causing oxidative stress. To investigate
whether cadmium ions interaction with 4. fumigatus
cells causes oxidative stress events, we evaluated the
changes of reserve carbohydrate accumulation and
oxidative damaged protein content after exposure to
enhanced metal concentrations.

Figure 2 demonstrates the effect of cadmium
ions on glycogen and trehalose level in the fun-
gal cells. As the main source of carbon- and ener-
gy-storage in fungi, glycogen is an important fac-
tor for viability under stress conditions.

At low metal concentration (5 pg/ml), a
abrupt reduction of the glycogen content was
found (by 58% as compared with the control). The
same glycogen level was determined in the cul-
tures treated with higher concentrations (20 - 100
pg/ml). Thus, at each concentration, the glycogen
accumulation in the fungal cells depends on pres-
ence of cadmium ions, but not on their content.

An opposite situation was observed for tre-
halose response to the metal-induced toxicity
(Fig. 2). The interaction of fungal cell with 5 pg/
ml cadmium ions did not cause significant change
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Fig. 3. Level of damaged proteins in the presence
of different concentrations of Cd

in trehalose content, but the exposure to higher
concentrations resulted in a sharp continuous in-
crease. As seen in the figure, 2.5-fold increase in
the trehalose level was found at application of 100
png/ml cadmium ions.

The usage of protein carbonyl groups as bio-
markers of oxidative stress has some advantag-
es in comparison with the measurement of other
oxidation products because of the relatively early
formation and the relative stability of carbonylat-
ed proteins. The carbonyl content in the total pro-
teins extracted from A. fumigatus cultures treated
by enhanced concentrations of cadmium ions is
presented in Fig. 3.

Unexpectedly, a tendency for gradual reduc-
tion in protein carbonylation level can be seen.
The presence of 5, 20, and 50 ug/ml cadmium ions
resulted in about 20 - 28% decrease in oxidative
damaged protein content compared to the control.
The results showed that at higher concentrations
(50 and 70 pg/ml), the protein carbonyl content
continued to decrease by 42 - 63% compared to
untreated cultures.
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Antioxidant Enzyme Activities in Presence of
Cadmium Ions

The changes in activity of the main antiox-
idant enzymes, superoxide dismutase (SOD) and
catalase (CAT), in 4. fumigatus cells, induced by
cadmium exposure (from 5 to 100 pg/ml) are pre-
sented in Fig. 4.

As compared with the untreated cultures,
SOD activity - responsible for the elimination of
superoxide radicals in cells - gradually increased
after exposure to the concentration of 5, 20, and
50 pg/ml. At cadmium doses of 70 and 100 pg/ml
the SOD activity in the fungal cells decreased from
16.22 to 14.16 and 9.97 U/mg protein, respective-
ly. In contrast, CAT activity in treated cultures was
significantly lower than that in the control cells. In
the presence of 50, 70, and 100 pg/ml cadmium
ions only 25% of control activity was measured.

Discussion

Present data confirm that the fungus A. fumig-
atus 3, showed a higher tolerance to cadmium ions
in comparison with other fungi, reported in the lit-
erature (Guelfi ef al., 2003; Todorova et al., 2008).
This strain exhibited growth at 100 and 200 pg/ml
in liquid and agar media, respectively. Similar re-
markable potential of growth in agar medium con-
taining cadmium has been published for Aspergil-
lus versicolor, Pisolithus tinctorius, Terichoderma
sp., etc. (Mohammadian Fazli et al., 2015; Carril-
lo-Gonzalez et al., 2012; Joshi et al., 2011). On the
other hand, inhibition of growth was also found in
both types of cultivation, under conditions of cad-
mium stress. Growth reduction is a typical response
of fungi to the toxicity of heavy metals (Baldrial,
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2010). Ramsay et al. (1999) have found that the
colony extension rates of several fungal species
decreased under conditions of cadmium toxicity.
Gadd et al. (2001) also reported a decrease in radi-
al expansion of Trichoderma viridae and Rhizopus
arrhizus in the presence of heavy metals, including
cadmium. The authors noted the importance of glu-
cose concentrations for metal-induced toxicity. 4.
fumigatus 3, demonstrated biomass formation un-
der submerged cultivation in the presence of 100
png/ml cadmium ions that were 20% of the control
dry weight. The same concentrations (100 parts per
million = 100 pg/ml) inhibited the dry weight of
Fusarium oxisporum by 85% in comparison with
the control (Golubovié-Curguz et al., 2010). Hassn
et al. (2014) and Todorova et al. (2008) reported a
similar trend in growth in the presence of cadmium
ions of Isaria javanica and Aspergillus niger B77,
respectively.

Besides the growth, cadmium, in concentra-
tion between 50 and 200 pg/ml, causes pronounced
morphological aberrations in the 4. fumigatus cells.
This may be direct or indirect result of cadmium
effects on cell division, protein synthesis, and cel-
lular organelles such as mitochondria (Trevors et
al., 1986). According to Zafar et al. (2007), the
morphological changes may be due to the vast de-
toxification/tolerance mechanisms that the fungus
uses. Significant differences in pigmentation in
A. fumigatus colonies were also observed in met-
al-treated colonies in comparison with the control
mycelia. Similar decoloration occurred by increas-
ing the cadmium concentration in medial growth
for A. versicolor, Cladosporium sp., and Paecilo-
myces sp. (Mohammadian Fazli et al., 2015). As it
has been previously suggested, the production of
pigments in fungal cell is accompanied by precip-
itation of metal ions on the cell wall (Gruhn and
Miller, 1991). Opposite results were reported by
Baldrian and Gabriel (2002) about the effect of cad-
mium on the morphology of Piptoporus betulinus.
They established that 50, 100, and 250 mM cadmi-
um ions did not cause color changes.

Many studies showed significant increase in
ROS content during cadmium exposure that leads
to oxidative stress. Cadmium itself is unable to
generate free radicals directly, however, indirect
formation of ROS involving the superoxide radical
and hydroxyl radical has been reported (Aflaine et
al., 2015). In addition, the generation of non-rad-
ical hydrogen peroxide, which itself, in turn,
maybe a significant source of radicals via Fenton
chemistry, has to be noted. In this mechanism,



cadmium can replace iron and copper in various
cytoplasmic and membrane proteins, thus increas-
ing the amount of unbound free or chelated copper
and iron ions participating in oxidative stress and
cadmium-induced toxicity. Our results confirm the
enhanced ROS generation, demonstrating changes
of the oxidative stress biomarkers, such as reserve
carbohydrates and oxidative damaged proteins.
Glycogen and trehalose are the two major reserve
carbohydrates in the fungi and can represent up
to 25% of the dry cell mass, depending on the en-
vironmental conditions (Scebba et al., 2006). The
changes in reserve carbohydrate content in fungal
cells have been demonstrated for different adverse
conditions (Parrou and Francois, 1997b; Ocoén et
al., 2007; Kostadinova et al., 2012). In the pres-
ent study, there was a sharp increase in trehalose
content of cells, grown in presence of cadmium
ions in concentration above 5 pg/ml. This in-
crease is of similar magnitude to the one observed
in Corollospora lacera and Monodictys pelagica
after exposure to cadmium ions (Taboski et al.,
2005) and Candida albicans under conditions of
heat shock (Scebba et al., 2006). The accumula-
tion of trehalose has been correlated with higher
tolerance to a variety of abiotic stresses (Elbein
et al., 2003). Previous research studies have re-
ported that trehalose is necessary for the growth
and stress adaptation. It is directly involved in the
synthesis of other compounds, energy production,
and membrane stabilization, acting as regulators
of gene expression and sugar-sensing signal sys-
tem (see Xie et al., 2014). By rapidly reacting
with ROS, trehalose would prevent their reaction
with proteins and other cellular constituents (e.g.
DNA, RNA, or lipids) (Benaroudj et al.,2001; Luo
et al., 2008). Furthermore, Benaroud; et al. (2001)
demonstrated the ability of trehalose to reduce ox-
idant-induced modifications of proteins and its ca-
pacity to prevent protein aggregation.

Glycogen is also known as useful biomark-
er since its changes are not transient or sensitive
to non-toxicant stress. In contrast to the reported
increase in glycogen level under stress conditions,
our results revealed that cadmium exposure signifi-
cantly reduced its content in the 4. fumigatus cells.
A similar decrease has also been highlighted in A.
niger and Trichosporon cutaneum exposed to cad-
mium (Todorova et al., 2008; Lazarova et al., 2014).
The decrease in energy content in cells, exposed to
cadmium, could be explained by the energetic cost
of tolerance, offsetting the stress produced by the
toxicant (Sornom et al., 2012). During stress condi-
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tions, the cell must regulate the flux of glucose into
trehalose generation, glycogen synthesis, pentose
phosphate shunt, and glycolysis. The cell may buf-
fer its intracellular glucose levels by the continued
flux into and out of its glycogen stores. A progres-
sive glycogenolysis (breakdown of glycogen(n)
to glucose-1-phosphate and glycogen(n-1)) in the
cells has been found (Emad et al., 2005).

Generally, the level of oxidatively damaged
(carbonylated) proteins increases during oxidative
stress. This situation indicates that the quantity of
generated ROS exceeded the capacity of the anti-
oxidant defensive system. Published data demon-
strated that the exposure of different aerobic cells
to cadmium ions caused a remarkable increase in
carbonyl formation, indicating that cadmium pro-
moted a high protein oxidation (Emad et al., 2005;
Aflanie et al., 2015). In contrast, present study illus-
trated a decrease of carbonylated proteins content
in A. fumigatus cells treated with cadmium. Similar
data have been found for Trichosporon cutaneum
R57 treated with 5 and 10 mM cadmium sulfate
(Lazarova et al., 2014). One possible explanation
could be based on both the enhanced degradation
of proteins by proteases and aggregation of heavily
oxidized proteins. Oxidized proteins serve as bet-
ter substrates for proteolytic digestion. It has been
suggested that protein oxidation could predispose it
to ubiquitination, which, in turn, would be a target
for proteasomal degradation (Cabiscol ef al., 2000).
At the same time, degradation of oxidized proteins
removes potential toxic fragments and provides
aminoacids for new protein synthesis (Pena et al.,
2008).

The fungal response to cadmium-induced cells
includes activation of antioxidant enzymes. SOD and
CAT are important components of defensive mech-
anisms in fungi. SOD catalyzes the dismutation of
the superoxide radicals into either ordinary molec-
ular oxygen or hydrogen peroxide. CAT is the most
important enzyme for the regulation of intracellular
hydrogen peroxide levels (Blokhina et al., 2003).
Some researchers have indicated the activity of anti-
oxidative enzymes is elevated in fungal cells under
cadmium stress (Ott et al., 2002; Todorova et al.,
2008; Lazarova et al, 2014). A cadmium-stimulated
increase in SOD and CAT activity was also observed
in Aspergillus nidulans (Guelfi et al., 2003). But,
our present results showed that the concentrations
of cadmium ions above 50 pg/ml resulted in about
20 or 38% decrease in SOD activity. A significant
decrease was also observed for CAT activity. Ac-
cording to Ott ef al. (2003), the addition of cadmium



resulted in antioxidant enzyme fluctuations relative
to controls in fungal cultures. In Neurospora crassa
cadmium did not induce any changes in SOD level,
whilst in Rhizopogon roseolus and S. cerevisiae cad-
mium caused reduction in SOD activity (see Guelfi
et al., 2003). Similar results have been reported on
cadmium-stress response in different plants (Scebba
et al., 2006; Zhang et al., 2015). Probably, besides
the detoxification function, antioxidant enzyme mol-
ecules may also be sensitive targets of cadmium tox-
icity (Gallego et al., 1996). The reduction in SOD
activity can be attributed to the inhibition of enzyme
activity by excess hydrogen peroxide content that
is a product of accelerated superoxide dismutation
(Malar et al., 2014). At the same time, CAT inhibi-
tion could be explained by the increased accumula-
tion of hydrogen peroxide. Moreover, induction of
stress proteins and/or non-enzymatic antioxidant for-
mation can be included in the defence system (Rad-
hakrishnan, 2010).

Conclusion

Altogether, our results show that 4. fumiga-
tus 3, isolated from polluted soil, contain differ-
ent mechanisms to cope with toxicity of cadmium
ions. High metal concentrations affected the fungal
growth and morphology. In addition, exposure to
cadmium ions clearly resulted in oxidative stress
events such as changes in the level of reserve car-
bohydrates and oxidative damaged proteins. Our
study showed a dose-dependent alteration in the
A. fumigatus antioxidant status. While at low cad-
mium concentrations, SOD and CAT provide de-
fence against metal toxicity, the higher cadmium
level caused significant inhibition of the activities
of both enzymes. Apparently, scavenging of the
produced ROS by antioxidative enzymes does not
seem to be a major mechanism of cadmium toler-
ance in the model strain under extreme metal con-
centrations.
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Abstract

Geraniol is an acyclic monoterpene alcohol with characteristic rose-like odour. It is an important
constituent of Bulgarian Rosa alba L. and Rosa damascena Mill. essential oils. The purpose of the present
study was to investigate antioxidant ability as well to reveal the potential for antiviral activity of geraniol
against the replication of viruses belonging to different taxonomic groups and representing important hu-
man pathogens. Geraniol significantly depressed the effect of oxidation - it showed good ability to capture
2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals and to inhibit lipid peroxidation in a egg liposomal suspen-
sion. Geraniol showed low cytotoxicity toward HEp-2 cells. It was tested in vitro for its activity against
viruses representing important human pathogens assigned to different taxonomic groups: coxsackievirus
B1 (CV-B1) from the Picornaviridae family, respiratory syncytial virus (RSV) from the Paramyxovir-
idae family, and influenza virus A/Aichi/68/H3N2 from the Orthomyxoviridae tfamily. In vitro antiviral
effect was examined by the virus cytopathic effect inhibition assay. Geraniol showed antiviral activity only
against CVBI1 - the ratio of selective index is 3.9. The investigated biological properties of geraniol, includ-
ing good antioxidant and antiviral activities against some virus families, together with negligible toxicity,
warrant further studies to explore the feasibility of formulating geraniol-containing consumer products with
health promoting properties.
Key words: geraniol, antioxidant activity, antiviral properties

Pe3rome

I'epanunon e anuKIMYEH MOHOTEPIIEHOB AJIKOXOJI C XapaKTepeH MUpHC Ha po3a. Toll € Ba)kHa CbCTaBHA
4acT OT €TePUYHUTE Maciia Ha Obarapckara Rosa alba L. m Rosa damascena Mill. llenta Ha HacTOSIIIOTO
IpOy4BaHEe € Jla C€ M3CJIe[Ba aHTHOKCHJIAHTHATa CIIOCOOHOCT, KAaKTO M Jia C€ pa3Kpue MOTEeHLHasla 3a
AHTUBUPYCHA aKTUBHOCT Ha FEPaHUOJI CpPElly PEIIMKAlUsATa Ha BUPYCH, IPUHAAIEKAIIN KbM Pa3IndHU
TaKCOHOMUYHHU TPYIIH, KOUTO Ca Ba)KHU YOBEILIKU NaroreHu. [ epannon nokasza 1o0pa ciocoOHOCT /1a yiaBs
2,2-nudenun- 1 -nmukpunxuapasui (DPPH) pagukanu u ga mHXUOUpa IUNUIHATA TIEPOKCUAALINS B MOJIETTHA
CUCTEMa OT siifueHu 1uno3oMHu. [ epannon geMoHcTprpa HUCKa HUToTOKcHuYHOCT KbM HEp-2 knetku. In vitro
Oellie TeCTBaHA HEroBaTa aKTUBHOCT CPEIy BUPYCH, KOUTO Ca BaXKHH YOBEIIKH MAaTOT€HU, IPUHAICKAIIH
KbM pa3iuyHu TakcoHomuuHu rpynu: Kokcaku Bl Bupyc (CV-Bl) ot cemeiictBo Picornaviridae,
pecnipatopen cuniutuaneH Bupyc (RSV) ot cemeiictBo Paramyxoviridae v rpunien Bupyc A/Aichi/68/
H3N2 ot cemeiictBo Orthomyxoviridae. AHTUBHUPYCHUAT ePeKT Oelre W3ClIeaBaH in Vitro B MMOCTaHOBKA
Ha MHoroiukioB LIIE (muronaruyueH eexT)-uHxubupai Tect. [ epaHron nokaza aHTUBUPYCHO JCHCTBHE
camo cpeury CVBI - cenexktuBHuat unnekc € 3.9. M3cnenBannte 6MOJ0THYHN CBOWCTBA HA T€PAHUOI, CPEJL
KOWTO ca 100paTa aHTUOKCUIAHTHA U aHTHUBUPYCHA aKTUBHOCT CPEIIly HSIKOW BUPYCHHU CEMEHCTBA, 3a€/IHO
C HE3HauUMTEIHATa TOKCUYHOCT, HaJlaraT MIPOBEKIAHETO Ha JON'BJIHUTEIHH U3CIIEABaHMS, 32 Ja CE IPOy4H
MIPUJIOKUMOCTTA Ha T€paHUOI-ChAbPKAIUTE MPOTYKTH ¢ JOOPH 3IpaBOCIOBHU IMOKA3aTENH.
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Introduction

Compounds from natural plants are important
sources of drugs against a wide variety of diseases.
Geraniol (3,7-dimethylocta-trans-2,6-dien-1-ol) is
an acyclic monoterpene alcohol with the chemical
formula C, H ,O. The product referred to as “ge-
raniol” is a mixture of the two cis-trans isomers
(Fig. 1) properly named geraniol (¢rans) and nerol
(cis). Geraniol has characteristic rose-like odour
and the taste (at 10 parts per million) is described
as sweet floral rose-like, citrus, with fruity, waxy
nuances (Burdock, 2010). It is an important constit-
uent of essential oil of ginger, lemon, lime, laven-
der, nutmeg, orange, rose, etc., an acyclic monoter-
penoid, and the main component of oil of rose, e.g.
Bulgarian Rosa alba L. and Rosa damascena Mill.
(Mileva et al., 2014). Geraniol is a fragrance ingre-
dient used in decorative cosmetics, fine fragranc-
es, shampoos, toilet soaps, and other toiletries as
well as in non-cosmetic products such as household
cleaners and detergents. Its use worldwide is ap-
proximately greater than 1 000 metric tones per an-
num (Lapczynski et al., 2008). In addition, geraniol
exhibits various biochemical and pharmacological
properties. Researchers have shown geraniol to be
an effective plant-based insect repellent (Barnard
and Xue, 2004) and its potential as an antimicrobial
agent has been highlighted in several studies (Bard
et al., 1988). Geraniol exerts in vitro and in vivo an-
titumor activity against murine leukemia, hepatoma
and melanoma cells (Burke et al., 1997; Yu et al,
1995 a, b). Geraniol is reported to prevent cancer
(Carnesecchi et al., 2004).

CH,0OH

Nerol

Geraniol

Fig. 1. Chemical structure of geraniol and nerol

The purpose of the present study was to in-
vestigate antioxidant activity as well to reveal the
potential for antiviral activity of geraniol, against
the replication of viruses, belonging to different
taxonomic groups and representing important hu-
man pathogens.
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Materials and Methods

Chemicals Used

All chemicals, standards, solvents, and cul-
ture media of high purity (>99%) were purchased
from Sigma-Aldrich Chemie GmbH, Merck (Ger-
many), and Givaudan (Switzerland).

DPPH Test

Hydrogen atoms and electron-donating po-
tential of geraniol was measured from the bleach-
ing of the purple-colored ethanol solution of DPPH.
The compound was dissolved in ethanol to a con-
centration of 100 mg.mL! stock solutions for the
following dilutions. DPPH assay was measured,
as follows: freshly prepared ethanolic solution
of DPPH (100 mM) was incubated with tested
substance in the concentration of 1 to 0.1 x 107
mg.mL"'; after incubation for 30 min in the dark,
at room temperature, the optical density (OD) was
monitored spectrophotometrically at wavelength
(1) of 517 nm. Inhibition of DPPH in percentage (I,
%) was calculated as given below:

I (%) = [(OD control — OD sample)/
(OD control)] X 100

IC,, was defined as the quantity of substance nec-
essary to decrease the initial DPPH by 50%. All
activities were compared against 2,6-di-tert-bu-
tyl-4-methylphenol (BHT) and ascorbic acid, as
well popular antioxidants. Data were obtained from
the plotted graph scavenging activity of each sam-
ple. Lower IC value means higher antiradical ac-
tivity. Each experiment was performed in triplicate
and data were presented as a mean of the three val-
ues (Singh et al., 2008).

Extraction of Liposomal Suspension

We used a liposomal suspension obtained
from phospholipids of egg yolk as lipid rich media,
extracted according to Folch et al. (1957). After
evaporation under vacuum, the chloroform fraction
was dissolved in 50 mM potassium-sodium phos-
phate buffer pH 7.4 (Sigma Chemicals Company
Ltd) to a final concentration of 2 mg lipid.mL"!, and
vortexed for 10 min. Ultrasonic sonication was per-
formed in Branson ultrasonic bath for 30 min.

Antioxidant Activities in Liposomal Suspension
Antioxidant activities in liposomal suspen-
sion were measured by formation of endogenous li-
pid peroxidation products, reacting with 2-thiobar-
bituric acid (TBARS), and detected spectrophoto-
metrically (A = 532 nm) by the method of Bishayee
and Balasubramanian (1971), adapted by Mileva et



al. (2000). Briefly, each sample in the test tube con-
tains 1.8 ml liposomal suspension with concentration
of 2 mg lipid.mL"!, and 100 pL methanol solutions
of compounds to achieve concentrations of 0.01,
0.1, and 1 mg.mL"', prepared immediately before
use. The samples were vigorously stirred and, after
pre-incubation for 10 min at 37°C, the induction of
lipid peroxidation was initiated by adding of 50 ul
Fe?" and 50 pl ascorbic acid to a final concentra-
tion of 1 mmol.L"!. After incubation for 30 min at
37°C, the reaction was stopped with 0.5 ml of 15 %
trichloroacetic acid and 0.5 ml of 0.67 % thiobarbi-
turic acid. The samples were heated at 100°C for 20
min and cooled in ice. 5 ml of n-butanol was added to
each tube - it was vigorously stirred and centrifuged
at 1200 x g for 10 min. The amount of TBARS gen-
erated in the system was determined from the upper
organic layer. The ratio of the absorption at 560 nm
for the sample, containing tested substances in dif-
ferent concentration and the same absorption for the
controls (without tested substances) in percentage
was called antioxidant activity (AOA). The experi-
ments were performed in triplicate.

AOA (%) = Es/Ec x 100%

where Es were content of TBARS, formed in sam-
ples, containing tested substances, and Ec were
TBARS of the controls (without tested substances).
All experiments were performed in triplicate and
data were presented as a mean of the three values.
As positive control served BHT.

Cells and Viruses

Coxsackievirus B1 (CV-B1) (strain Con-
necticut) from the FEnterovirus genus of the
Picornaviridae virus family, human respiratory
syncytial virus A2 (HRSV-A2) from the Para-
myxoviridae family, were grown in the Hep-2 cell
line. Cells and viruses were from the cell culture
collection of the Stephan Angeloff Institute of the
Bulgarian Academy of Sciences, Sofia, Bulgaria.
Cell lines were grown in a humidified atmosphere
at 37°C and 5% carbon dioxide in Dulbecco’s
Modified Eagle’s Medium (DMEM) (Gibco BRL,
Grand Island, NY, USA), in a growth medium con-
taining 5% fetal bovine serum and supplemented
with antibiotics (100 IU/mL penicillin, 100 pg/
mL streptomycin, and 50 pg/mL gentamycin).
When harvesting viruses and performing antiviral
assays, maintenance medium was used, in which
serum was reduced to 0.5%. Viruses themselves
were grown in a humidified atmosphere at 37°C
and 5% carbon dioxide.
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Cellular Toxicity

Monolayer cell cultures in 96-well plates
(Cellstar®, Greiner Bio-one, GmbH, Frickenhausen,
Germany) were inoculated with 0.1 mL/well main-
tenance medium containing different concentrations
of the samples in 0.5 lg intervals. On the 48th hour
after incubation, they were subjected to the neu-
tral red uptake procedure (Borenfreund E, and J.A.
Puerner, 1985), and the 50% cytotoxic concentration
(CC,,) was calculated. Briefly, after removal of the
maintenance medium, which contained the test com-
pound, cells were washed and 0.1 mL fresh mainte-
nance medium, supplemented with 0.005% neutral
red dye (Fluka Chemie AG, Buchs, Switzerland),
was added to each well and cells were incubated
at 37°C for 3 hours. Afterwards, cells were washed
once with PBS and 0.15 mL/well desorb solution
(1% glacial acetic acid, 49% ethanol, 50% distilled
water) was added. After 10 min of mild shaking, the
optical density (OD) of each well was read at 540
nm in a microplate reader (Organon Teknika reader
530, Oss, Netehrlands). The CC, value was defined
as the concentration of each sample that reduced the
absorbance of the treated cells by 50% when com-
pared to the untreated control. The CC, values were
determined by regression analysis.

Antiviral Activity

The virus cytopathic effect (CPE) inhibi-
tion assay was used for evaluating the antiviral
effects of the samples. Monolayer cells in 96-well
plates were inoculated with 0.1 mL virus suspen-
sion containing 100 CCID,, (CCID,, is the 50%
Cell Culture Infectious Dose which was previ-
ously determined by the standard virus titration
assay in the respective cell culture). After one
hour for virus adsorption (two hours in the case
of HRSV-A2), excessive virus was discarded, and
cells were inoculated with 0.1 mL of maintenance
medium containing different non-toxic concen-
trations (in 0.5 lg intervals) of the test samples.
Then cells were further incubated in a humidified
atmosphere at 37°C and 5% carbon dioxide. The
CPE was scored daily till the appearance of its
maximum in the virus control wells (with no com-
pound in the maintenance medium), that happened
usually in 48 hours. Then viable cells were stained
according to the neutral red uptake procedure and
the percentage of CPE inhibition for each concen-
tration of the test sample was calculated using the
following formula:

% CPE = [OD test sample — OD virus control]/
[OD toxicity control — OD virus control] x 100.



Table 1. DPPH scavenging activities and AOA in egg liposomal suspension

of geraniol and reference

standards ascorbic acid and butylated hydroxyl toluene (BHT).

DPPH AOA (%) AOA (%) AOA (%)
N Compounds IC,, [ug.L] 1 mg.mL! 10 mg.mL"! 100 mg.mL"]
1 Geraniol 9.45+0.34 31.13+1.34 24.51 £0.34 22.33+0.34
2 BHT 4.03 £0.24 34 +£2.11 27.62 £3.11 21.30+1.87
3 Ascorbic acid 3.12+0.37 NT* NT* NT*

*NT — non tested; Results are expressed as average = SD (n=3).

The concentrations that inhibited 50% of the
virus-induced CPE, and the 50% inhibitory con-
centrations (IC, ), were determined by regression
analysis. The selectivity index (SI) was calculated
as the ratio between CC, and IC, (SI = CC,/IC,).

Results and Discussion

Antioxidant Properties

Antioxidant defence system of cells com-
prises of endogenous antioxidants, such as super-
oxide dismutase, catalase, glutathione peroxidase,
glutathione reductase, glutathione, ascorbic acid,
uric acid, etc., which act either independently, or
cooperatively, (or even synergistically) against
free radicals (Vandana et al., 2006). These anti-
oxidants protect against the deleterious effects of
reactive oxygen species by scavenging them, con-
verting them to non-toxic compounds, or chelat-
ing the ions required for their activation. Cells
suffer because of deterioration at physiological
processes during oxidative stress, when the an-
tioxidant defence system becomes inadequate
to neutralize the excess reactive oxygen species
(ROS) produced. The supplementation of exoge-
nous antioxidants has been found to be effective
in restoring the homeostatic disturbances due to
oxidative stress. This supports the role of natural
antioxidants in achieving strong immune system
as well as healthy aging (Han et al., 2005). This
study has been held to explore the antioxidant ef-
fect of geraniol in pro-oxidant conditions, as com-
pared with the reference standards ascorbic acid
and butylated hydroxyl toluene.

The DPPH assay usually involves a hydrogen
atom transfer reaction (Li et al. 2009). DPPH radi-
cal scavenging test is a sensitive antioxidant assay
and depends on substrate polarity. The presence of
multiple hydroxyl functions could be considered as
an option for the hydrogen donation and/or radical
scavenging activity.

Antiradical activities of tested substanc-
es against stable DPPH radical expressed in IC;
[ug.L'] showed notable values (Table 1). A lower
IC,, value indicates a greater antioxidant activity.
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Most active was BHT, the same activity demon-
strated ascorbic acid, and least active was geran-
iol. As a rule, the antioxidant properties of the plant
extracts cannot be attributed to activities of single
constituents. Their scavenging activity could be
explained by the combination of effects with one
another. Ruberto and Baratta (1999) demonstrated
that the most radical scavenging activities of nat-
ural extracts are mainly due to the cumulative ef-
fect of ingredients as polyphenols, as well as ne-
rol, eugenol and geraniol; within their structure has
been observed polar-bonded hydrogen. Undoubted-
ly, DPPH radical has little relevance to present in
biological systems as well in living organisms, but
this study is indicative of the capacity of geraniol to
scavenge free radicals, and will refer to hydrogen
atom or electron donation ability, independently of
any enzymatic activity.

AOA of'tested compounds in Fe?/ascorbic ac-
id-induced oxidation of egg liposomes are expressed
as percentage of inhibition of oxidation process in
comparison to control sample (without tested sub-
stances). Geraniol significantly depressed the ef-
fect of oxidation. It exhibited a protective capacity
against Fe?*/ascorbic acid-induced lipid peroxidation
in liposomes in a concentration-dependent manner.

The damaging reactions of free radicals are
widely implicated in the etiology of numerous ox-
idative stress-related diseases (Piaru et al., 2010).
These typically electrophilic reactive moieties in-
teract with lipids, proteins, and nucleic acids, and
cause oxidative damages (Deighton et al,. 2010).
Lipid peroxidation is one of the effects induced by
free radicals, and it can occur in lipid system due to
the presence of structures rich in highly peroxidiza-
ble, polyunsaturated fatty acids. The presence of an-
tioxidants in the fraction will minimize the oxidation
of these structures due to the inhibition of the chain
reaction of lipid peroxidation (Sherry et al., 2013).
Antioxidant power of natural products is an expres-
sion of their capacity to defend from the action of
free radicals as well as to prevent degeneration from
oxidants (Deighton et al., 2000, Piaru ef al., 2010,
Sherry et al., 2013).



Yu et al. (1995 a) reported that geraniol
suppressed lipopolysaccharide-induced nitric ox-
ide and prostaglandin E2 production at a system
of RAW 264.7 macrophages in a dose-dependent
manner. The inhibitory efficacy of geraniol was
concomitant with decreases in protein and mRNA
expression levels of inducible nitric oxide synthase
(INOS)

Although peroxidation in model membranes
may be very different from peroxidation in cell
membranes, the results obtained in the former
membranes may be used to advance understanding
of peroxidation in biological membranes (Schnitzer
et al., 2007).

Antiviral Test

The in vitro antimicrobial activity of eugenol
against various pathogens has been reported earlier;
very little is known about its activity and mode of
action against viruses, which are important human
pathogens assigned to different taxonomic groups:
coxsackievirus B1 (CV-B1) from the Picornaviri-
dae family, respiratory syncytial virus (RSV) from
the Paramyxoviridae family, and influenza virus A/
Aichi/68/H3N2 from the Orthomyxoviridae family.
Therefore, the mode of antiviral action of eugen-
ol against those viruses in vitro was evaluated in
the present study. The results obtained demonstrat-
ed that geraniol was showing low cytotoxicity in
a Hep2 cell system (Table 2). In the same model
system, CC,, of geraniol is lower than that of dis-
oxaril, used as reference substance for the study of
antiviral effect of CVB1. Our research on antiviral
screening of geraniol showed that there is no antivi-

ral effect against influenza virus A/Aichi/68/H3N2,
as well as against RSV. The scientific literature also
lacks data published on this subject.

Pronounced antiviral effect was observed
against the representative of the Picornaviridae
family - coxsackievirus BI. IC,  of geraniol is
48 pg/mL, about 30% lower than oxoglaucine
and about three times lower than disoxaril.

The antiviral activities of monoterpene
alcohols (including linalool, nerol, citronellol,
and geraniol) probably are due to their solubili-
ty in the phospholipid bilayer of cell membranes
and increased permeability of cells (Knobloch
et al., 1989; Devi et al., 2010).

These results suggest that geraniol exhib-
its anti-coxsackievirus B1 activity, supporting
its therapeutic potential for virus-associated
disorders.

In conclusion, geraniol is abundant and oc-
curs in a large number of plants. This molecule is
widely used as a fragrance chemical in both cos-
metic and household products. Several studies
have confirmed the pharmacological properties of
this acyclic monoterpene alcohol. Geraniol - with
its good chemopreventive activity - may present
a new class of antiviral agent, and this renders a
great opportunity for further investigation. The
investigated biological properties of geraniol,
including antiviral activities against some virus
families, together with negligible toxicity, war-
rant further studies to explore the feasibility of
formulating geraniol-containing consumer prod-
ucts with health promoting properties.
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Fig. 2. Antiviral activity of geraniol against CVB1 and RSV virus in HEp2 cells. Data are present as
CC,, — percentage viable HEp2 cells, and IC,  — percentage protection.
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Abstract

In recent years many antimicrobial agents became ineffective against bacteria. This lead to many
studies of the antimicrobial effects among plants. Bulgarian vegetables are ingredients in many traditional
Bulgarian foods. The aim of the study was to compare the antibacterial activity of organically grown pars-
ley, tomatoes, cayenne peppers, onions and garlic against referent test bacteria - Bacillus subtilis No8751
and Escherichia coli No8752, supplied by the National Bank for Microorganisms and Cell Cultures. Six-
teen vegetable samples were analyzed. Petri dishes were cultivated at 37°C for 24 hours. Our results demon-
strated low antibacterial activity of tomato and parsley samples against the Gram(+) B. subtilis and from
weak to no activity against the Gram (-) E. coli. Fresh garlic samples showed low antibacterial activity
against Gram (+) bacteria with only fresh garlic leaves displaying wider sterile zones. No antibacterial ac-
tivity was demonstrated by the fresh onion bulbs and leaves. In contrast, the mature garlic bulbs showed
pronounced activity against the Gram (-) E. coli (30 mm zone d). Cayenne pepper tissue and seeds possess
antibacterial properties against both Escherichia coli and Bacillus subtilis. Strong antimicrobial activity
against B. subtilis was shown by the mature onion samples with 25 mm zone diameter for the red onion
bulbs and 27 mm zone diameter for the white onion bulbs. Both mature onion samples demonstrated low
activity towards E. coli.

Pesrome

[Ipe3roauHUTE MHOTO aHTUMUKPOOHH BEIIIECTBA CE MPEBbpPHaxa B HeepekTuBHU. TOBa J0BEIE 10 MHOTO
HOBHM IIPOYYBaHUS 32 aHTUMUKPOOHO JIeHCTBHE Cpe/l pacTeHHuATa. bbarapckure 3eJieH4yIH ca ChCTaBKH Ha
MHOTO TPaIUIIMOHHM Hallk XpaHu. LlenTa Ha mpoyuBaHeTo Oe Ja ce cpaBHH aHTHOAKTEpHATHATA AKTHBHOCT
Ha OPraHWYHO OTIVICKJIAHW MAarJaHo3, JOMAaTH, JIOT YepBEH IHUIIEp, JIYK M 4YeChH cpeuly pedepeHTHU
TecToBU OakTepuu - Bacillus subtilis No8751 u Escherichia coli No8752, npenocraBenu ot Harmonanuara
banka 3a Mukpoopranmzmu u Knerpunu Kyntypu. B mpoyuBanero Osxa m3mon3Banu 16 pacTUTEIIHH
npoou. Excriepumentute Osixa npoBeieHu 1mo Merona audysus B arap. [lerpura 0sxa KyJITHUBUPAaHU TPU
37°C B npombinkeHue Ha 24 vaca.HamuTe pe3ysiTaTd NOKa3BaT HUCKA aHTHOAKTEpHalHA aKTHMBHOCT Ha
MPOOUTE OT AOMATH U MargaHo3 cpenty ['pam (+) B. subtilis n ot cmaba 10 OTCHCTBAIA AKTUBHOCT CPEILy
I'pam (-) E. coli. IIpobute mpeceH 4eChH MOKa3axa HUCKA aHTHOAKTEepHaIHa aKTUBHOCT cpenry ['pam (+)
OaKkTepuu camo JIUCTaTa OT MPECEH YEChH, MOKa3axa MO-IUPOKU CTEPUIIHU 30HU. [J1aBUTE U JIUCTATa OT
MIPECEH JIyK HE JICMOHCTHUpPaxa aHTHOAKTEPHAITHO JCHCTBHE.3peNuTe IIaBH YeChH, 00ade, MoKa3Bar SICHO
n3paszeHa akTuBHOCT cpenty I'pam (-) E. coli (30 MM auameThp Ha 30HU). ThKaHUTE M ceMEHaTa OT JIFOT
YepBeH MUIEp MPUTEKaBAaT aHTUOAKTEPUATIHA CBOWCTBA KaKTo cpemty E. coli, Taka u cpemy B. subtilis.
CunHa aHTUMHKpPOOHAa aKTUBHOCT cpelty B. subtilis Oemie moka3zaHa oT npoOuTe 3psi JIyK C AUAMETHD
25 MM TIpU 30HHUTE OT YEPBEH JYK M 30HU C TUAMETHP OT 27 MM 3a IiaBute 051 JIyK. M nBeTe mpoou 3psit
JYK MOKa3axa HUCKa aKTUBHOCT KbM E. coli.

*Corresponding author: alexanderat@abv.bg, Department Natural Sciences,
New Bulgarian University, 21 Montevideo Str., 1618 Sofia
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Introduction

Currently there is a need for new antimicro-
bial agents, because of the multidrug resistance of
pathogenic bacteria. Many studies are focused on
finding new bio-active compounds in extracts de-
rived from plants. Preparations containing such
compounds as the principal physiologically active
constituents have been used to treat human diseas-
es. Reports of activity in the field of antibacterial
flavonoid research are widely conflicting, probably
owing to inter- and intra-assay variation in suscep-
tibility testing (Tim and Lamb, 2006). Yee-Lean et
al. (2003) reports, that among the vegetable and
fruit extracts, all fresh vegetables showed no anti-
bacterial activity, but purple and red vegetable and
fruit juices had antibacterial activities.

Petroselinum crispum has been widely used
in folk medicine and has been reported to possess
antibacterial activity against both Gram (+) and
Gram (-) bacteria (Bin et. al., 2007; El Astal et. al,
2005; Peter et al., 2006; Sayyednejad and Damab,
2008).

Tomatoes are potent antioxidants and scaven-
gers of free radicals (Richard and Pajkovic, 2008).
Tomato-based bio-films have been reported to pro-
tect against bacterial pathogens and spoilage while
also enhancing sensory properties of foods (Wen-
Xian et al., 2008, 2012).

Capsicum species produce fruits that synthe-
size and accumulate unique hot compounds known
as capsaicinoids in the tissues and seeds (Cesar et
al., 2011; Mariangela et al., 2011). Bio-autographic
tests have demonstrated that capsaicin is the main
antimicrobial component (Soediro et al, 1997).
Capsicum annuum fruits have also been used in
traditional medicine for their antibacterial activ-
ity against a broad spectrum of bacterial species
(Mariangela et al., 2011; Rose et al., 2012; Soed-
iro et al., 1997). Antimicrobial, antifungal and an-
tioxidant activity has also been reported for Alli-
um cepa, showing it as a new potential source of
bio-active compounds due to the presence of Flavo-
noids (Cammue et al.,, 1995; Chun-Lin et al., 2013;
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Freddy et al., 2006; Jonathan et al., 2010).

Garlic has been used for its medicinal prop-
erties for thousands of years, investigations on its
mode of action were recently performed. Recent
research shows Allium sativum as a promising
source of antibacterial agents that can be used in
food preservation and pharmaceutics (Srinivasan et
al., 2009).

The geographic location of Bulgaria pro-
vides one of the best environments for cultivating
organic vegetables rich in bio-active substances,
without the need for chemically enriched manure
or other soil additives. The aim of our study was
to compare the antibacterial activity of organical-
ly grown Bulgarian parsley, tomatoes, peppers,
onions and garlic against referent Gram (+) and
Gram (-) test bacteria.

Materials and Methods

Nine different organically grown vegetables
were used in our study: parsley, two varieties of
tomato, cayenne peppers, white, red and fresh on-
ions, mature and fresh garlic. The vegetable sam-
ples were divided in two parsley samples, eight to-
mato samples, three garlic samples and four onion
samples. Samples were prepared in a way closest
to human consumption. The samples were analyzed
viaagar diffusion method against Gram (-) E. coli
and Gram (+) B. subtilis, supplied by the National
Bank for Microorganisms and Cell Cultures.

e Parsley samples were separated in stems and
leaves.

e Tomato samples from two varieties were
used: D5 - “Rose” and D6 - “Ideal”. The sam-
ples were prepared as dried tomato puree, raw
tomato puree, tomato seeds and tissue slices
in order to note the antibacterial properties of
each part of the tomato fruit for both variet-
ies.

e The pepper fruits were cut open with a sterile
scalpel and were separated in 3 samples - raw
tissues, tissue disks (d = 0.5mm) and seeds.

e The onion samples were divided in white and
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Samples: tomatoes (a), cayenne peppers (b), white onion (¢), red onion (d), fresh onion (e), mature garlic

(f) and fresh garlic (g)



Fig. 1. Antibacterial activity of parsley leaves
against B. subtilis N°8752 and E. coli No8751

red onion bulbs, fresh onion bulbs and fresh

onion leaves.

e Mature garlic bulbs, fresh garlic bulbs and
fresh garlic leaves were used for the garlic
samples.

The parsley leafs and stems were homoge-
nized using a mortar and pestle, while the tomato,
onion and garlic samples were separately homoge-
nized using a sterilized blender. The dried tomato
puree was prepared by drying part of the raw puree
at 370C for 24 hours. The cayenne pepper tissues
were scraped away with a sterile scalpel.

Nutrient agar petri dishes were inoculated
with 0.1ml 1x10° CFU/ml of the test microorgan-
isms the Gram ( - ) E. coli No8752 and Gram(+)
B. subtilis No8751 (supplied by the National Bank
for Microorganisms and Cell Cultures). Wells
(d = 9mm) were then aseptically perforated in the
Nutrient agar to hold the homogenized samples and
the raw cayenne pepper tissues.

The tomato and pepper seeds, tomato tissue
slices and the pepper tissue disks were placed on
the surface of the inoculated agar.

Petri dishes were cultivated at 37°C for 24
hours. Sterile zones around the wells, seeds and
slices were then measured.

Fig. 2. Antibacterial activity of parsley stems
against B. subtilis No8752 and E. coli No8751

Results and Discussion

The obtained results demonstrateddiverse ef-
fects of the vegetable samples on the test bacteria’s
growth ranging from no to strong antibacterial ac-
tivity as follows:

Parsley Antibacterial Activity

Parsley leafs inhibit the growth of B. subtilis
(2 mm inhibition zone) and are not active against
E. coli. Similar results were obtained for parsley
stems: no antibacterial activity was registered (Fig.
1, Fig. 2). At the same time, El Astal ef al. (2005)
reports that E. coli was more affected by the etha-
nolic parsley extracts than Gram (+) bacteria (6).

Raw Tomato Puree Antibacterial Activity

Wan-Xian D.’s research (2008) shows that
edible films made from tomatoes containing car-
vacrol possess antimicrobial effects against E. coli.
Our investigation demonstrated that the raw puree,
from sample D5 (“Rose”) exhibited no antibacte-
rial activity against B. subtilis and E. coli. Sample
D6 (“Ideal”) displayed antibacterial activity against
both B. subtilis and E. coli with zone diameter of 4
mm against B. subtilis and about 4.5 mm against E.
coli. (Fig. 3)

Fig. 3. Antibacterial activity of raw tomato puree,of variety D5 (a.) and D6 (b.), against B. subtilis N°8752 and
E. coli N°8751.



Fig. 4. Antibacterial activity of dried tomato puree, of variety D5 (a.) and D6 (b.), against B. subtilis

N°8752 and E. coli N°8751.

b)

Fig. 5. Antibacterial activity of tomato seeds and tissue slices, of variety D5 (a.) and D6 (b.), against B.

subtilis N°8752 and E. coli N°8751.

The D5 dried puree samples also displayed
no antibacterial activity against B. subtilis and E.
coli. The D6 dried puree samples also displayed-
larger sterile zonesthan the D5 dried puree samples
against bothbacteria -with zone diameter of 5 mm
against B. subtilis and about 3.5 mm against E. coli
(Fig. 4).

Tomato tissue slices from samples D5 and D6
display no antibacterial properties against B. subti-
lis, or against E. coli. (Fig. 5)

Tomato seeds of samples D5 (Rose) and D6
(Ideal) inhibit the growth of B. subtilis, but dis-
play no antibacterial activity against E. coli, for
both samples D5 and D6. The D5 (“Rose” variety)
sample exhibited sterile zones with range between
4 mm. and 7 mm, while the D6 (“Ideal” variety)
zones had a range of about 5 mm. A more recent
research made by Naseer ef al., (2012) showed re-
sults similar to ours as it reports low antibacterial
activity in tomato fruits against E. coli (Fig. 5).

Cayenne Pepper Antibacterial Activity

Cayenne pepper fruits and seeds inhibit the
growth of both E. coli and B. subtilis. Pepper tissues
displayed no antibacterial activity. Cayenne pepper
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discs showed antibacterial activity against both E.
coli (25 mm inhibition zone diameter) and B. sub-
tilis (24 mm). The seeds also exhibited inhibition
zones of 11 mm against E. coli and 7 mm against
B. subtilis. The results for the pepper tissues are not
shown (Fig. 6 and Fig. 7). Other recent and previ-
ous studies, like the ones conducted by Mariangela
et al. (2011) and Soediro et al. (1997), also report
the Capsicum’s fruit antibacterial activity against
both Gram (+) and Gram (-) bacteria.

Onion Antibacterial Activity

The authors Cammue et al., (1995) and Jona-
than et al., (2010) describe Allium extracts to be more
effective against Gram (+) microorganisms, while
Gram (-) bacteria were reported to be less suscepti-
ble. Freddy et al. (2006) described water extracts from
yellow onion skin to be active against Gram (-) bac-
teria. All of our onion samples showed antibacterial
activity against both Gr (+) and Gr (-) bacteria except
the fresh onion bulbs. White and red onion bulbs dis-
played inhibition zones of 27 mm and 25 mm against
B. subtilis and 3 mm against E. coli. (Fig. 8). Fresh on-
ion bulbs and leaves showed no antibacterial activity
against both bacteria strains (Fig. 9).



Fig. 6. Antibacterial activity of Cayenne pepper
tissue discsagainst B. subtilis N°8752 and E. coli
Neg751.

Fig. 7. Antibacterial activity of Cayenne pep-
per seedsagainst B. subtilis N°8752 and E. coli
Neg751.

Fig. 8. Antibacterial activity of white (a.) and red (b.) onion bulbsagainst B. subtilis N°8§752

and E. coli N°8751.

Garlic Antibacterial Activity

Mature and fresh garlic bulbs demonstrated
low antibacterial activity against B. subtilis (7 mm
for mature garlic bulbs and 2 mm for fresh garlic
bulbs). Fresh garlic bulbs displayed no activity
against E. coli, but mature garlic bulbs showed in-
hibition zones on 30 mm against E. coli. (Fig. 10)
The fresh garlic leafs displayed antibacterial activ-
ity against both E. coli (13 mm) and B. subtilis (17
mm). Srinivasan et al., (2009) reports antibacterial

activity of Allium sativum against both Gram (+)
and two Gram (-) pathogenic bacteria, with the
maximum zone of inhibition observed against Ba-
cillus subtilis. His analysis revealed that the antimi-
crobial effectiveness is time- and temperature-de-
pendent (Fig. 11).

Conclusions
In conclusion, cayenne peppers showed
antibacterial activity against both B. subtilis and

a)
Fig. 9. Antibacterial activity of fresh onion bulbs and leavesagainst B. subtilis N°8752 and E.coli N°8751.

b)



Fig. 10. Antibacterial activity of mature (a.) and fresh (b.) garlic bulbsagainst B. subtilis N°8752 and

E. coli N°8751.

Fig. 11. Antibacterial activity of fresh garlic leavesagainst B. subtilis N°8752 and E. coli N°8751.

E. coli. Mature onion bulbs were active against
only B. subtilis. Greatest antibacterial activity
was demonstrated by mature garlic bulbs.
Moderate antibacterial activity was observed
by fresh garlic leaves. Our results demonstrated
low antibacterial activity of tomato and parsley
samples against the B. subtilis and from weak to

no activity against the E. coli.
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Table 1. Antibacterial activity of organically grown vegetables

Parsley Tomato CpEine Onion Garlic
Pepper
Raw Dried Tissue
Seeds )
= %‘E’ 23 purce purce Slices Raw | Tissue White | Red | Fresh | Fresh | Mature | Fresh | Fresh
g @ 2 Seeds
3 E 7 E E tissue | discs Bulbs | Bulbs | bulbs | leaves | bulbs | bulbs | leaves
D5 D6 D5 D6 D5 D6 D5 D6
B.
0 2 0 4 0 5 6 5 0 0 n.a 24 7 27 25 0 0 7 2 17
subtilis
E. coli 0 0 0 4.5 0 3.5 0 0 0 0 n.a 25 11 3 3 0 0 30 0 13

All figures are in mm
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Abstract

An robust algorithm of medium optimization for culturing algae was developed. The algorithm takes
into account elemental composition of algae, and chemical composition of non-organic source of carbon
(in our case, flue gas). Values of the chemical elements in the medium is achieved in linear programming
procedure. Medium composition may change on the base of the chosen objective function, for example
biomass maximization or overproduction of desired metabolite. The algorithm was checked by performing
real experiments with Chlorella vulgaris and Scenedesmus species in our previous studies (in USA). The
results have shown a very good algae growth, when the medium was optimized by using such algorithm.
The developed robust algorithm for medium optimization is under continuous verification (in Bulgaria and
Brazil) on different algae cultivation processes. The algorithm can be successfully used to design a medi-
um for any bacterial and algae cells with known or unknown physiological requirements for macro- and
micro-elements.
Key words: medium optimization, linear programming, algae, flue gas, elemental composition of cells.

Pe3rome

Pa3paboreH ¢ yCTOWYMB ajJropuThM 3a ONTHMHU3AIMS HAa XPaHUTEIHA Cpela 3a KyJTHBHPAHE Ha
BOJIOpACIH. ANITOPUTHMBT OTUNUTA €JIEMEHTHHUS ChCTaB HAa BOJOPACIIUTE U XUMUYHUS ChCTaB HA HEOPTaHUIHHUS
W3TOYHUK Ha BBIVICPOT (B HAIIKS CITyqaid, TUMHH Ta30Be). CTOMHOCTUTE HA XUMUIHHUTE SJIEMEHTH B CpeiaTa
Ce M3YMCJISABAT C MOMOINTA HAa METOoJa Ha JIMHEHHO mnporpamupane. ChCTaBbT HAa XpaHUTEIIHATa cpena
MOJKE Jla ce MpOMeHs Ha 0a3zaTa Ha W30paHUs KPUTEPUN 3a ONTUMU3AINSA, 32 MAKCHMHU3UpPAHE HApUMED
Oromaca WM CBPBXITPOAYKIIHS Ha KeJIaHUS METa0OIUT. AJTOPUTHMBT € TIPOBEPEH Ype3 U3BLPIIBAHE HA
peanHu ekcrnepuMeHTH ¢ mamoBe Ha Chlorella vulgaris n Scenedesmus B IpequIIHYA HAIIA U3CJICIBAHUS
(8 CAILL). IMomy4yenure pe3ynTarure moKa3BaT MHOTO JTOOBP pacTeX Ha BOJOPACIUTE, KOTAaTO cpejiara ce
ONTHMHU3HpPA Ype3 U3I0JI3BaHE Ha TO3U aropuThM. [IpoBepkara Ha pa3pabOTEeHUs YCTOWYNB aJITOPUTHM 32
ONITHMU3AIIMS Ha XpAaHUTETHA CPE/ia Ce U3BBPIIBA HETIPeKbCHATO (B bbirapus u bpazunus) BbpXy pa3snudau
MPOLIECH Ha KyATHUBUPAHE HAa BOIOPACTH. ANTOPUTHMBT MOXKE YCIICITHO JIa C€ M3TOI3Ba 32 U3UUCIISIBAHE
Ha KOMITOHCHTHTE Ha XpaHUTEIIHATA Cpe/ia 3a BCAKAKBH OAKTEPHH M BOJAOPACIOBHU KJICTKU C U3BECTHU WITH
HEU3BECTHH (DU3MOJIOTHYHU U3UCKBAHUS 32 MAKPO - U MUKPOETIEMEHTH.

Introduction operational costs in mass production of algae (Kad-
Medium optimization for algae culturing is  am, 1997) a flue gas can be considered as an ex-
a key point in overall process development. As a  cellent choice. In order to reduce the transportation

common practice, medium optimization for bi-  costs, a flue gas from a local coal-fired plant must
omass and high value products is done by using  be used as a source of carbon dioxide for culturing
statistical experimental design methods (Kathire-  photosynthetic algae. From another point of view,

san et al., 2007) or simple try and error procedure.  the cultivation of microalgae can also be taken into
Because CO, represents a considerable part of the  account as an additional step in flue gas treatment,

where CO, concentration in the exhaust flue gas
*Corresponding author. is decreased and SO, emissions causing acid rain

e-mail: adkrumov@gmail.com
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can be totally eliminated. Global warming situation
accelerates political decisions and many countries
directed much attention and financial support on
studies of the subject.

Hence, utilization of flue gas from coal-fired
power plants (Maeda et al.,, 1995a; Kadam, 2002),
industrial heater burning kerosene (Chae et al,
2006), natural gas-fired boiler (Doucha et al., 2005;
Doucha and Livansky, 2006), or a simulated flue
gas (Brown, 1996) were performed in attempt to
make CO, fixation from flue gas (Benemann, 1993)
a visible cost-effective industrial scale technology.
Special attention in the field must be given to inter-
national achievements in Europe, Israel, Japan and
USA.

However, these studies do not focus on the
complex algorithm and how the first steps in pro-
cess development (medium optimization) were per-
formed. The studies showed a global solutions and
ranges of applicability of this technology without
showing any details about optimal values of me-
dium components and how they were obtained. As
well, there are no studies giving understanding on
interactions between water chemistry-algal physi-
ology-flue gas.

Following this thoughts we tried to build a
robust algorithm for medium optimization by ap-
plying the principles of system analysis theory
(Kaffarov et al., 1979, 1985), modern mathemati-
cal methods and available software for calculation
of chemical equilibrium and speciation of CO, and
SO, in water in order to understand such interac-
tions. The algorithm was used in a step-by-step pro-

Flue gas Composition
-CO,
-S0,
-SO,
-NO
HCl1
-CO, heavy metals,ash, organics.

Medium Design

cedure of active experimental design by culturing
Scenedesmus an Chlorella species with the goal of
optimal inorganic carbon utilization from flue gas
emissions. The main idea of this robust method was
presented in several meetings of Society of Amer-
ican Engineers in Massachusetts and elsewhere in
USA (Crofcheck et al., 2009a, 2009b, 2010, 2012a)
and as well as elsewhere (Kroumov, 2013; 2014;
Kroumov et al., 2014). The experimental verifica-
tion of this approach can be found in details else-
where (Crofcheck ef al., 2012b).

In this work, we are going to highlight the
theoretical steps of the algorithm and how this
knowledge can be used in other levels of complex
photobioreactor (PBR) model development. Exper-
imental verification of the developed algorithm was
successfully performed at Biosystem Agricultural
Engineering Lab, and CAER Lab, at University of
Kentucky under the grant “CO, sequestration from
flue gas by algae for production of lipids, carbohy-
drates and proteins”.

First, several medium recipes for culturing
fresh water Chlorella were analyzed by applying
knowledge on elemental composition of algae bio-
mass and linear programming calculations.

Secondly, N-source, P-source, and micro-ele-
ments composition were changed and varied in or-
der to design the cost-effective medium for closed
PBR in outdoor cultivation conditions. The flue
gas is rich with metals which must be considered
as micro-nutrients. Finally, we tried to simulate the
SO,(aq) influence on the microalgae growth and to
understand SO, (aq) interactions with algae for the

Criteria for Medium Optimization

- Max Biomass (max SGR)
- Protein content

- Lipids content

- Carbohydrates content

- other value products

- Waste Water Treatment

Elemental Composition of Algae
Linear programming

Algal physiology requirements for

Experiments

Medium Re-design

nutrients: macro-, micro-elements
Algal Metabolism- stoichiometry,
energetics

Fig. 1. Graphical representation of the complex theoretical approach for medium optimization
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given pH. Water chemistry studies during absorp-
tion of flue gas showed that pH may reach values
of pH=2.0 which requires buffering the medium or
precise pH control. Buffering the medium with so-
dium bicarbonate as a best choice was studied, as
well.

Theory-Development of the Algorithm

Existence of very rich knowledge database
on fresh and marine algae physiology and their
elemental composition, metabolism, and nutrients
requirements for fastest growth opens the space for
synthesis of optimal algorithms for medium opti-
mization. Hence, development and application of
chemically defined medium is not a single act, it
is a procedure which should be focused on prac-
tical considerations, especially process economics
and the complex interactions of the medium with
the environment (absorption of flue gas composi-
tion in water, its water chemistry which is linked
with the algae physiology). It means interactions
between simple chemical components with algae
and aqueous species of flue gases (mainly obtained
from dissolution of CO,, O,, SO,, SO,, HCI, NO)
must be understood. Development of defined medi-
um and its industrial application should relay on re-
producible results. The simplicity of the medium by
considering all available resources of macro- and
micro- nutrients (from water and flue gas) should
be a criterion, as well, in order to permit unlimit-
ed long term cultivation. Studying and describing
such a system cannot be done in a straightforward
procedure and requires decomposition of the sys-
tem in sub-systems and their analysis and synthe-
sis. Hence, for precise calculation of medium com-
ponents, an application of software packages (for
example, MAPLE) with modern numerical and
optimization methods (linear programming) is nec-
essary. Studying water chemistry requires knowl-
edge about thermodynamic properties of chem-
ical components and their possible interactions.
MINEQL+4.6 software was used as a powerful tool
for studying and evaluating chemical equilibrium
aqueous speciation of gases, solid phase saturation
states, and precipitation-dissolution.

Combining this knowledge database, we
developed an algorithm for medium optimization
which is based on the principles of system anal-
ysis theory (Fig. 1) (Kaffarov et al., 1979, 1985).
The sub-systems were determined as follows-I-al-
gae, [I-flue gas, I1I-water chemistry. Understanding
of these sub-systems and their interactions pass
through formulation of the optimization criterion
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and “procedure of making of decisions” (medium
design-experiments-medium re-design).

I - Algae physiology can be considered as a
main sub-system. The theory was based on evalua-
tion of the fresh water medium for culturing Chlo-
rella strains. The physiological requirements of
fresh water algae can be taken from the elemental
composition of the particular strain. Nevertheless,
evaluation of the published chemical composition
of Chlorella is fundamental for algorithm develop-
ment. The strain and medium selection for indus-
trial application is a loop procedure and here is not
going to be discussed.

Algae Biomass Elemental Composition

The mass balance strategy is well known one
from chemical engineering practice. Applying it to
algal biotechnology is very useful and robust tool
when there is no obvious starting point for medium
design or selection of available recipes for the giv-
en algae strain. We performed the analysis on inor-
ganic medium components which present into the
biomass, where the biomass nitrogen content was
the reference point.

We assume for simplicity that elemental com-
position of Chlorella sp. does not differ significant-
ly; hence for all calculations, one algae elemental
composition was used (where “max” values of
chemical elements were chosen.). As first step in
medium development, we evaluated the most com-
mon medium recipes (such as -N-8 and M-8 (Man-
dalam, and Palsson, 1988), BG-11(Borowitzka and
Borowitzka, 1988), M4N medium (Watanabe and
Saiki, 1997), Watanabe Medium (Scragg et al.,
2002), used in practice for mass culturing of fresh
water algae. The criterion of unlimited growth was
achieved by exact calculation of the medium com-
ponents. We applied linear programming technique
(coded in MAPLE 12) based on elemental com-
position of Chlorella specie biomass to calculate
the exact amount of chemical components and to
compare the simulation results with the real recipe
values. Note: Elemental composition values (Min,
Max) for N, P. K, Mg, S, Fe, Zn, Cu, Mn were ob-
tained from Oh-Hama and Miyachi, 1988, Chlorel-
la, p. 3-26, in Micro-algal biotechnology, Michael
A., and Lesley J. Borowitzka, Cambridge Universi-
ty Press, 1988, p.477.

For our calculations, the most important 9 in-
organic macro-and micro-elements (N, P, K, Mg,
S, Fe, Zn, Cu, Mn) were considered. For all simu-
lations, the maximum (Max) values of the chosen
algal biomass elements were considered.



Linear Programming-Approach and
Application

From the average elemental composition of
biological material 9 elements were selected that
occur in the highest concentrations. Of course the
remaining trace elements can also become deplet-
ed, but they are only required in very small quan-
tities, which are supposed already to be present in
sufficient amounts as impurities in the used chem-
icals. A number of inorganic chemical compounds
can yield the required elements either as free ions
or as small ionic molecules that can readily be ab-
sorbed. Development of defined synthetic medium
is based on perfect proportion between chemical el-
ements representing stoichiometric elemental com-
position of biomass. To calculate the required quan-
tities for the various chemicals the method of linear
programming, more particularly the algorithm for
search of a constrained maximum was used.

The program for linear programming calcu-
lations was coded in MAPLE 12 software (prop-
erty of University of Kentucky, Department of
Mathematics). In linear programming, a vector “x”
is found that minimizes the quantity c.x subject to
the constraints m.x > = b and x > = 0, in which
the vector “x” represents the required quantities of
the various chemicals, “c” represents the variable
to be minimized (e.g., the number of chemicals to
be used or the costs of the chemicals per unit), “b”
gives the required concentration in the mixture. The
composition of the various chemicals may include
one chemical element, which should be considered
during the calculations. More flexibility can be
achieved when the constraints for each variable can
be varied. The algorithm constraints search for and
find the global maximum of a function in the do-
main specified by a number of equations (equalities
or strict or non-strict inequalities). It must be noted
that algorithm is not restricted to the use of linear
programming as a maximum search method. For al-
gal medium design can be used statistical (factorial
design) and modern search methods such as - ge-
netic algorithms, artificial neural networks, fuzzy
sets and their combinations.

Algae Physiology Requirements for Nutrients
The maximum cell density and specific
growth rate of algae as a function of nutrients and
environmental conditions are well documented in
books (Borowitzka and Borowitzka, 1988; Amos,
2004). This knowledge directed our scientific ef-
forts toward the study of optimal nitrogen sourc-
es including fertilizers for Chlorella maximum
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growth. For flue gas applications it is important to
evaluate the influence of micro-elements such as 'V,
Mo, Co, Ni and utilization of yeast extract in some
applications. From financial point of view, it is chal-
lenging to evaluate the Chlorella growth response
on completely fertilizer medium with combina-
tion of wastewaters rich with inorganic nutrients.
In this sense, water recycling can be considered as
an option, as well but some physiological test on
auto-toxins accumulation and influence on overall
process performance must be performed.

Algal metabolism interacts with the envi-
ronment by changing its pH value. It is challeng-
ing to determine the ability of algae to synthesize
low molecular compounds siderophores (Naito et
al., 2008) in order to utilize the chemical compo-
nents of the medium which precipitates (Fe, Ca, Mg
ions) under the high pH values pH>8.0 and become
bio-unavailable.

Algae Metabolism

General approach for medium design is based
on solely empirical data and the cells are consid-
ered as a black box system. Of course, achieve-
ments in metabolic engineering showed a new di-
rection in medium design strategies. This direction
is to evaluate the metabolic pathway needs of the
algae cells. Combination of stoichiometric models
of intracellular metabolites and the mass balance
approach seems to have bright future for the medi-
um design. In the future, detailed metabolic and en-
ergy flux analysis is expected to be of tremendous
help in medium development procedure. Current
approaches of medium design in biotechnology in-
cludes utilization of the statistical factorial design
methods (Kim et al., 2008; Jeong et al., 2008) and
the most modern optimization techniques artifi-
cial neural networks (Kennedy, 1992), fuzzy sets
(Kennedy et al., 1995), genetic algorithms (Weus-
ter-Botz et al., 1995; Zuzek et al., 1996) and their
combinations, but once again many experiments
are required and the cell is considered as a black
box. It must be noted, that application of statisti-
cal and optimization techniques is very powerful
tool for medium design, but they are not “panacea”.
Their search space must be localized between algal
metabolic and financial constrains. Further devel-
opments on this subject are expected.

II-Flue Gas as a Sub-System

According to our algorithm of medium de-
sign, two important interactions of the flue gas in
the liquid phase can be considered.



1. pH changes of the medium during absorption
of flue gas.

2. How the flue gases speciation in the liquid
phase will affect the algae growth.

Flue gas composition and absorption in aque-
ous and alkaline solutions is well studied and mod-
eled process in chemical engineering practice (Ma-
rocco and Inzoli, 2009; Gomez et al., 2007; Desch,
et al., 2006). From these studies is obvious that
pH of the non-buffered liquid phase dramatically
changed and can reached pH=1-2. Hence, buffering
the broth for performing algae non-limiting growth
on flue gas is obligatory and NaOH (NaHCO,) is
the best choice from chemical (Wylock et al, 2008;
Chang and Rochelle, 1985), and micro-algal phys-
iology point of view (Hsueh et al., 2007). To catch
CO, from flue gas by chemical reaction to produce
carbonates (e.g., Na,CO,) and use the latter as the
carbon source for micro-algal cultivation is very at-
tractive perspective.

For some algae species, combination of SO
and NO, have some toxic influence on the algae
growth (Lee et al., 2002).

Hence, special interest has been given on al-
gae cultivation process by using flue gas (actual or
simulated, where algae tolerance to high CO,con-
centration in presence of SO_and NO,_ impurities
was extensively studied (Maeda et al., 1995b; Yan-
agi et al., 1995; Negoro et al., 1991, 1993; Lee et
al., 2002, Jeong et al., 2003).

The flue gas compositions varies from one
to another coal-fired plant and its content can be
found in the literature. We focused our attention on
CO, (up to 15%) and SO, ('up to 700 ppm) content
which were crucially important to build the proper
and optimal medium.

IIT Water Chemistry

Analyzing the flue gas composition the influ-
ence of SO_can be considered crucially important.
We assume that the problems with ash, organics
and heavy metals presented in flue gases have been
solved and only gases are entering PBR.

Hence, aqueous phase chemistry of the flue
gases must be completely understood in order to be
applied effective unit operation for gases absorp-
tion and their latter utilization by algae.

Evaluation of flue gas composition showed
that we may safely restricted our analysis to the
dynamics and instantaneous equilibrium reactions
of six dissolved species namely: CO,(aq), HCO,;
CO,*, SO,(aq), HSO; SO,*. Oxidation of SO,(g)
in the gas and liquid phases gives sulfate which is
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a component of algal medium. All other gases can
be considered as no harmful impurities and their in-
teractions with algae and chemical species in the
liquid phase will be neglected.

Water Chemistry of Flue Gas (CO, and SO,)

The absorption of flue gas in water and al-
kaline solutions is well studied physical -chemical
process and details can be found elsewhere. For
our practical purposes special interest is given to
the process of flue gas absorption into bicarbonate/
carbonate solution (Ebrahimi et al., 2003). The au-
thors modeled speciation of CO, and SO, flue gas
components by considering the following chemical
reactions

COy(aqy + H,0 © HCO3 + HT (1)
HCO7 & CO3 + H* - (2)
COZ(aq) + OH™ (—)HCOP)_(?))

[CTotal] = [COZ(aq)] + [HCO?,_] + [CO.%_] (4)

where C__- stands for total dissolved inorganic car-
bon dioxide concentration.

Water Chemistry of SO,
Dissociation of SO, includes the following
reactions

SOZ(g) + H20 < Saz(aq) «

g H2503(aq) A xd HSO3_ + H+

HSO3 & SO3~ + H™ - (6)

SOZ(aq) + OH_ g HSOg_ (7)

[SOrota] = [SO2(aqy ]+ [HSOF] + [SO37] - (8)

where SOtotal-stands for total sulfite concentration.

According to them the reaction (2, 5 and 6)
are very fast. Hence, instantaneous equilibrium is
assumed for the reactions (2), (5) and (6) through-
out the liquid phase. The hydrolysis of CO, is slow.
Two reactions (1) and (3) take place in the absorp-
tion process of CO, by aqueous alkaline solutions.
Details about rate and dissociation constants values



and their temperature dependence are cited by the
authors accurately. It can be noted that the forward
rate constants values of reactions (1) and (3) differ
(in orders) as a function of pH values below 8 and
above 10. Thus, buffering the algal medium with
sodium bicarbonate (as a depot of CO,) or pH con-
trol by NaOH has to be considered.

Procedure of Making of Decisions

“Medium design - Experiments - Medium
re-design” we called sub-system where the deci-
sions are made on the base of all available informa-
tion from other sub-systems for the chosen criterion
of optimization. It must be noted that the “pure” wa-
ter chemistry, “pure” flue gas absorption and speci-
ation, and “pure” algae growth can be evaluated (on
the base of literature data) separately without ex-
perimental verification. Only, interactions between

sub-systems and concurrent hypothesis should be
checking out for particular working conditions and
algae species.

Criterion for Medium Optimization
Determination of criterion for medium opti-
mization is different in research studies as well as in
the studies on industrial applications. Criterion for
research studies usually is selected to maximize the
algae growth under high CO, content in the liquid
phase. The medium may contain different sources of
growth factors and vitamins supporting maximum
growth. On the other hand, CO, sequestration in in-
dustrial conditions requires minimization of costs;
hence the medium must be optimized by taking into
account algal physiology and growth of algae on
cheapest possible sources of nitrogen, phosphorus
etc. It means available wastewater source rich with

Table 1. Evaluation of N-8 and M-8 medium composition on the basis of elemental composition of the
biomass and by applying linear programming procedure (LPP)

Medium
Chemical N-8 LPP results M-8 LPP results
compound
- g/L g/l g/LL g/LL
Macro-elements of the medium
KNO; 1.0 1.000 3.0 3.000
KH,PO4 0.74 0.158 0.74 0.474
NaHPO4 0.26 0 0.26 0
CaClL.2H,0 0.013 0.00528 0.013 0.00158
FeS04.7H,0 0.00001 0.0493 0.13 0.148
MgS0,.7H,O 0.05 0.146 0.4 0.437
Micro-elements of the medium
g/L g/l g/l g/L
MnCl,.4H,0 0.01298 0.000648 0.01298 0.001944
CuS04.5H,0 0.00183 0.000283 0.00183 0.000848
ZnS0,4.7H,O 0.0032 0.000396 0.0032 0.00119
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inorganic component can be an option.

Designing the medium under different cri-
teria makes possible to prepare catalog of defined
synthetic media which will serve in pilot plant
studies and further their industrial applications in
closed PBR configurations. This approach is prede-
termined because constraints applied for designing
the medium for lab studies and industrial design are
different. Most common constraints and challenges
encountered in lab studies are as follows: time for
medium development; cost of development efforts;
lack of shaker space; precipitation reaction; foam-
ing; water quality; dispersion or dissolution of sol-
id medium components; effect of components on
assay techniques; effect of components on down-
stream product purification.

For design of an industrial medium most
common encountered constrains are as follows:
availability of raw materials throughout the year;
batch to batch variability of medium components;
transport costs of medium components; medium
cost and price fluctuations of medium components;
contamination problems; water recovery of used
medium.

Following this algorithm, Chlorella vulgar-
is UTEX 2714 growth behavior and Scenedesmus
one was studied in different media and conditions.
The experimental verification of the method can be
found elsewhere (Crocheck et al., 2012).

First Step

As a first step in this algorithm we have fo-
cused on evaluation of the media compositions
most commonly used for mass culturing of Chlo-
rella sp. We chose the maximum values of 9 com-
ponents (N, P, K, Mg, S, Fe, Zn, Cu, Mn) in order to
calculate the defined medium by avoiding any algae
growth limitations. Further, we evaluated the most
common medium recipes (such as -N-8 and M-8
(Mandalam and Palsson, 1988), BG-11(Borowit-
zka and Borowitzka, 1988), Watanabe’s Medium
(Scragg et al., 2002) and M4N medium (Watanabe
and Saiki, 1997), used in practice for mass cultur-
ing of Chlorella.

For lab studies in flasks BG-11, M4N, and
Watanabe’s Medium were eliminated. However,
their recipes can be re-designed and applied for dif-
ferent purposes in outdoor big scale, when vigorous
mixing and high light intensity conditions during
the summer time are common.

Evaluation of N-8 and M-8 medium was done
previously by authors (Mandalam and Palsson,
1998). The authors’ criterion was biomass maximi-

67

zation (high density culture) and their conclusions
were that the N-8 medium is deficient in iron, mag-
nesium, sulfur, and nitrogen at high cell densities
and long term cultivation. It should be noted that
no difference in biomass and chlorophyll content
of Chlorella vulgaris was observed during 120 h of
cultivation in controlled bioreactor conditions.

By using elemental composition of biomass
and linear programming procedure we evaluated in
what extend these two medium were stoichiomet-
rically balanced. The results are shown in Table 1.
The assumption of performing LPP procedure were
as follows: CO, in the liquid phase, light availabil-
ity, and mixing are not limiting factors; N-source is
reference for calculation of biomass concentration;
sodium ions are not limiting for fresh water algae
and are not included in LPP because in bioreactor
conditions these ions are supplied by both tap water
and titration in controlling pH level.

The software program of LPP was coded in
MAPLE 12. The LPP results have shown that one
can expect biomass concentration of 1.799 g/L for
N-8 medium and 5.398 g/L for M-8 medium, re-
spectively in controlled bioreactor working con-
ditions. Comparing the medium recipes with LLP
results the following conclusion can be made:

First, phosphates concentration in both me-
dium is high. Addition of NaHPO, can be avoided.
Calcium concentrations difference is not crucial
for real outdoor cultivation of fresh water algae be-
cause tap water or industrial water is a source of
Ca. Sulfates are not a problem, as well, which is in
agreement with water chemistry of flue gases SO,,
SO,. Magnesium, and iron in N-8 medium are not
optimal, which was shown by the authors (Man-
dalam and Palsson, 1998). In our case, micro-ele-
ments of both medium are not a concern because
flue gas and technical grade chemical components
are their good source.

Hence, the algorithm works well and without
performing the experiments we were able to build
a kinetic hypothesis and to localize the optimum
area of experimental study. Moreover, the very first
experiment with Chlorella vulgaris UTEX 2714 in
flasks showed an excellent result.

For preliminary study, we choose M-8 medi-
um for flask experiments to evaluate the growth be-
havior of 3 algae strains. Chlorella vulgaris UTEX
2714 and Chlorella sorokiniana UTEX 1230 were
obtained from the culture Collection of Algae at
The University of Texas at Austin, USA. A wild
“unidentified strain” was isolated from water near
the Eastern Kentucky Coal-Fired plant (data are



property of U-ty of Kentucky and are not shown).
The algorithm works excellent and can be applied
for development of any synthetic fresh and sea wa-
ter medium.

Also, it must be noted that the best medi-
um chosen from flasks experiments not obligatory
will be the best medium for large scale cultivation
in PBRs. The problem is that during the scale-up
procedure, the medium composition is changed to
meet the control strategies requirements, for exam-
ple, fed batch addition of nutrients.

According to our algorithm of medium de-
velopment emphases can be given on following
experiments by using fresh water algae and flue
gas as a non-organic carbon source.

1. Experiments with M-8 medium -results and
discussion;

2. Experiments with urea -results and discus-
sion;

3. Experiments with different medium compo-
nents and deionized and tap water- results
and discussion;

. Experiments with micro-nutrients -V, Co,
Mo, Ni- results and discussion;

5. Experiments without complexation of Iron
by EDTA to study siderophores synthesis
ability in algae (Naito et al., 2008)- results
and discussion;

6. Experiments -buffering the system-Titration
with H,SO, and buffer NaHCO,.

7. Experiments with simulated flue gas (Na-
,50,)- results and discussion;

Note: Based on the LPP, many important
medium with industrial application industrial
for culturing algae were evaluated. (For exam-
ple:BG-11 medium; Zarrouk’s Medium; Bold’s
Basal Medium-BBM; Ogbonna-Tanaka Medium;
Modified Ogbonna-Tanaka Medium). We have
build a catalog of media recipes and the LPP veri-
fication is under way through the Brazilian project
“Science without borders”, 2014-2017.

Conclusions

This work demonstrated that a complex algo-
rithm for medium optimization for culturing algae
(in our case Chlorella) can be successfully applied
in lab conditions by minimizing money, time and
scientific efforts. The chosen strains performed
well with urea as a nitrogen source. Microelements
were necessary for maximum growth of Chlorel-
la and the strain utilized yeast extract as a source
of vitamins. The findings well complemented most
of the previous reports, which focused mainly on
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culturing Chlorella on flue gas. Analysis of the
maximum specific growth rate (SGR) showed high
potential of the strain for CO, sequestration from
flue gas. Fertilizer medium can be safely used as a
substitution of M-8 synthetic medium for outdoor
mass production.

The main advantage of the algorithm is that
avoids excessive unproductive experimentation. Its
flexibility allows selecting the strains and medium
in optimal way (loop procedure) before scale up to
outdoor conditions in order to prepare different sce-
narios of micro-algal performance and adaptability.

In order to achieve very high productivity of
such alga, medium re-design and different mode of
controlled operations must be studied in pilot plant
scale where light availability, mixing conditions
and process control strategies are going to play cru-
cial role.
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Lactobacillus  bulgaricus G-LB-44 was
screened for antibacterial activity against (1) differ-
ent pathogenic species - Escherichia coli, Listeria
monocytogenes, Staphylococcus aureus, Acineto-
bacter baumanii, Enterococcus faecalis, Pseudo-
monas aeruginosa and (ii) 16 lactic acid bacteria
strains and 2 commercially available probiotics us-
ing plate counting. All counts were recorded as col-
ony-forming unit per millilitre (CFU/mL). Lacto-
bacillus bulgaricus inhibition of H. pylori has been
initially manifested by Boyanova et al. (2009).

The results showed that Lactobacillus del-
brueckii subsp. bulgaricus G-LB-44 could reduce
the growth of potentially harmful bacteria that
cause diseases in humans. In most cases, the re-
duction in the numbers of pathogenic bacteria was
greater than 99%. The broad based activity of Lac-

tobacillus delbrueckii subsp. bulgaricus G-LB-44
is unusual among Lactobacillus species and sug-
gests that there are unique cellular components
that may account for this activity. Such compounds
are common in nature, however they tend to be di-
rected to very specific strains of other bacteria that
compete for nutrients with the probiotic bacteria in
a natural setting such as the gastrointestinal tract. It
is, therefore, unusual to find a single strain of Lac-
tobacillus that produces an inhibitory effect for a
broad array of harmful bacteria, since these bacteria
would rarely be found at the same time within the
same natural setting. Moreover, with regard to oth-
er lactic acid bacteria strains and commercial pro-
biotics, no inhibitory activity of Lactobacillus del-
brueckii subsp. bulgaricus G-LB-44 was observed.
The study confirms that G-LB-44 is a specific strain

Table 1. Pathogen inhibition by L. bulgaricus G-LB-44

Organism Strain Inhibition rate; [%]
Acinetobacter baumanii ATCC 19606 >99
Enterococcus faecalis ATCC 29200 >99
Enterococcus faecalis ATCC 29212 >99
Enterococcus faecium ATCC 51559 >95
Esherichia coli ATCC 25922 100
Esherichia coli ATCC 35150 >99
Listeria monocytogenes ATCC BAA-751 100
Listeria monocytogenes Clinical Isolate 100
Psuedomonas aeruginosa ATCC 27853 100
Salmonella typhimurium Clinical isolate 100
Shigella sonnei ATCC 325931 100
Staphylococcus aureus ATCC 12600 >99
Staphylococcus aureus ATCC 25923 >99
Staphylococcus aureus ATCC 29213 >98
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3 hrs

24 hrs

Fig. 1. Comparison of the whole biofilm structure and the cell density at different time

points of the test

of the L. bulgaricus and that its inhibitory power
against pathogens surpasses other L. bulgaricus
strains. G-LB-44 is an example of an effective
probiotic with suitable scientific substantiation of
health benefits.

Lactobacillus bulgaricus G-LB-44 is able
to significantly decrease the cell density of E. coli
biofilm as well as to destroy completely the E. coli
biofilm structure within a 24 hourperiod as demon-
strated in Figure 1, in images obtained by confocal
laser scanning microscopy.

E. coli biofilms growing on glass slides were
incubated with L. bulgaricus G-LB-44 for 3 and
24 hrs. The bacteria populations were stained with
Live/Dead viability kit (Invitrogen) at the end of
the incubation period, following the manufactur-
er’s instructions. Fluorescence microscopy images
were acquired by a Leica CLSM TCS-SP confocal
microscope with a 63.0 X lense. Green short cells:
live E. coli; red short cells: dead E. coli; green long
cells: live L. bulgaricus G-LB-44.

Since the sub-species of Lactobacillus bulgaricus
has been safely used in foods for over 100 years
with no indications of overdose or side effects, we
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believe that the above results indicate the potential
of this strain to be used both as a natural preserva-
tive capable of inhibiting pathogens in unpasteur-
ized food and as away to replenish the healthy bac-
teria found in the human digestive system.
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’Department of Pathology, University Hospital “Queen Yoanna- ISUL”, Sofia
3ProViotic AD, Bratia Buckston 58, Sofia, Bulgaria.

Introduction
The purpose of this study is an assessment of the effect of Lactobacillus delbrueckii subsp. bulgari-
cus G-LB-44 in Helicobacter pylori (+) patients.

Methods

The monitoring included twenty-four patients at the average age of 45,46+13,3 years, of which 50%
were women. All patients were Helicobacter pylori positive (+). The infection was evident by rapid urease
test (RUT), fecal antigen test, a breath test, and histological examination, or by a combination of these
methods. Unsuccessful eradication therapy was conducted in six of the patients in the past and the rest of
them have not been treated previously. Esophagogastroduodenoscopy was performed in all patients with
the following findings: 26.1% had gastroesophageal reflux disease, 65.2% - hiatal hernia, 87% - gastric
changes, 4.3% - duodenal erosions, and 21.7% - active duodenal ulcer. Enrolled course conducted by ad-
ministration of Lactobacillus delbrueckii subsp. bulgaricus G-LB-44 (capsules and tablets) at a daily dose
of 15x0°in combination with Rabeprazole 2 x 20 mg or Pantoprazole 2 x 20 mg for seven days followed
by Lactobacillus delbrueckii subsp. bulgaricus G-LB-44 individually for three days at the same dosage
(15%10°). In all patients was carried out the control fecal antigen test for Helicobacter pylori after at least
43 days post treatment.

Results

In 22 patients (91.7%) the control fecal antigen test was negative for Helicobacter pylori. In two
patients (8.3%) the control study showed persistent Helicobacter pylori infection. Both patients belonged
to the group of previously treated patients, who have previously failed eradication with different antimi-
crobial drugs. The remaining four patients of the group of the previously treated patients (one of them was
with autoimmune gastritis) had negative control Helicobacter pylori test. Patients did not manifest adverse
reactions or side effects when taking Lactobacillus delbrueckii subsp. bulgaricus G-LB-44 (ProViotic®).

Conclusion

This preliminary human trial demonstrated a novel effective method of treating patients with Helico-
bacter pylori (+) infection without the use of antibiotics.
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In memoriam

Andreas Engibarov
1929 - 2015

The eminent microbiologist, mycobacteriolo-
gist, and immunologist, the respected colleague and
most loved friend Senior Research Associate Dr.
Andreas Engibarov has departed from this world.
We ask forgiveness from a worthy and highly eru-
dite man, who has left a bright trace in the Bulgari-
an microbiology and immunology.

The pages of his countless favorite books
(probably the most favorite one from his childhood
was “Peter Pan”) remain not completely read; the
thousands records from his personal collection
with the preferred works of Bach, Hiandel, Mabhler,
Wagner (with his favorite symphonic poem “Thus
Said Zarathustra” by Richard Strauss) remain not
listened to the end...; the conversations, lighted up
by his everlasting laughter, remain uncompleted... .

A scientist with unusual inquisitiveness to na-
ture, medicine, history, literature, music, who con-
centrated his scientific interests on the mycobacte-
ria and mycobacterioses, and on the most recent and
less examined issues of the specific immunological
prophylaxis of tuberculosis.

Dr. Andreas Engibarov was born in Varna on
May 2, 1929. Among the enates in his family were:
Prof. Dr. Georgi Pavlov (1881-1945), who gradu-
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ated veterinary medicine in Turin and worked in
Dobrudzha (Bulgaria) - one of the founders and
a chairman of the Union of Scientific Workers;
Academician Stefan Pavlov (1914-1993) - a no-
table theoretician of the Bulgarian criminal pro-
cedural law. Andreas’ childhood passed among
books and music. When he was 10-year-old, his
family moved to Sofia, where he graduated the First
Male Secondary School in 1947. After graduating
in medicine in 1954, according to his own wish
he went to practice in Dobrudzha (the villages of
Lovchantsi, Vladimirovo, and Karapelit) as a dis-
trict doctor. He succeeded in obtaining an old radio-
graphic apparatus from Ruse for the Radiographic
Office of the small District Hospital in the village
of Karapelit. He also founded a Clinical Laboratory.
He appeared at a contest at the National Institute of
Epidemiology and Microbiology (National Center
of Infectious and Parasitic Diseases) in 1958. Still a
student he worked as a demonstrator at the Depart-
ment of Microbiology - he had lost his father when
being a first-year man and needed to earn his living.
A few were those who believed that a peasant doc-
tor could win this consent. However, he succeed-
ed! He specialized in the USA for a year - in the
Harvard University in Boston and in the University
of California in Los Angeles. After being chosen
for Senior Research Associate, he became Head of
the Laboratory for Specific Prophylaxis of Tuber-
culosis. The high quality of the Bulgarian Bacillus
Calmette-Guérin (BCG) vaccine, which is exported
in more than 150 countries worldwide today, is one
of the greatest achievements of the National Center
of Infectious and Parasitic Diseases and the Bulgar-
ian microbiology.

The results of the studies of Dr. Engibarov on
the discovery of new methods for microbiological
diagnostics of infections, caused by Mycobacte-
rium tuberculosis, as well as on the taxonomy of
the mycobacteria, represented a valuable contri-
bution for the Bulgarian mycobacteriology. In the
70s of the XXth century Dr. Engibarov made the
beginning of the species identification of the atyp-
ical mycobacteria in Bulgaria, based on the clas-
sical and modern microbiological and biochemical
methods. A great practical value had the epidemi-
ological studies on infections, caused by atypical
mycobacteria. Parallel with the intensive studies on



perfecting the methods of production of tuberculin
preparations (together with Senior Research Asso-
ciate Dr. E. Sapundzhieva), he performed studies
on the properties of tuberculin active protein. His
attainments in the study of tuberculin active pep-
tides achieved wide international acknowledge-
ment. A special interest represented the results of
the joint studies with Senior Research Associate V.
Kolushki on the antigens of BCG and on virulent
mycobacteria. The introduction of production of
purified protein derivate (PPD) of tuberculin was
a major achievement of the applied microbiology.
The efforts of the team, led by Dr. Engibarov, for
improvement of the quality and standartization of
PPD of tuberculin were permanent, and they cul-
minated with complete success. The standartization
of the skin tuberculin test had major significance
for the effectiveness of the specific prophylaxis of
tuberculosis.

Dr. A. Engibarov was an initiator of joint
international studies on the standartization of the
anti tuberculosis BCG vaccine. He worked with
enthusiasm on improvement of the methods for
control of vaccine quality. The new methods, de-
veloped by him, for characterization of the BCG
vaccine (one of which was the fast test for measur-
ing of the intracellular content of ATP as a method
alternative to the cultural for determination of the
viability) currently are an object of joint interna-
tional studies, organized by the World Health Or-
ganization. Still in the 80s of the last century, Dr.
Engibarov and Dr. Stoyan Bardarov, using highly
efficient methods of molecular biology, laid the
foundation of a new generation of anti tubercu-
losis vaccines. Today, 30 years later, the chal-
lenges and progress of this vaccinal strategy are
widely discussed. A consent is achieved regarding
the turning to a clinical assessment of the most
promising “candidates” for new vaccines (modi-
fied BCG vaccine or attenuated Mycobacterium
tuberculosis) (Tom Ottenhoff, Stefan Kaufman
(2012); Vaccines against Tuberculosis: Where Are
We and Where Do We Need to Go? PLoS Pathog
8(5):¢1002607). However, the BCG vaccine is
still the only one used and the only effective vac-
cine in the treatment of tuberculosis (and it will
remain the only one in the coming years).

Dr. Engibarov had a huge contribution to
the development of a BCG vaccine especially
designed for immunotherapy of malignant neo-
plasms - Calgevax. Under his management were
performed detailed experimental, pathomorpho-
logical, immunological, and biochemical stud-
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ies. Upon representing the first results of clinical
studies, Dr. Engibarov met scepticism in some of
the members of the Scientific Council. Howev-
er his ambitiousness and tenacity overcame this
difficulty. Many countries show interest of this
preparation today. It is applied in all types of ma-
lignant tumors, when adjuvant immunotherapy is
required. Especially wide is its intravesical appli-
cation in patients with superficial tumors of the
urinary bladder. The observations of many years
by leading oncologists (the first one was Senior
Research Associate Dr. R. Ikonopisov) in patients
with malignant melanoma showed the favorable
results from the use of Calgevax as an agent for
adjuvant immunotherapy.

Dr. Engibarov was an author of more than
180 scientific publications - articles and reviews
- in Bulgarian and foreign scientific issues. He
managed scientific sessions of a series of scien-
tific forums in Bulgaria and abroad. He actively
participated in the organization of the scientif-
ic life of the Scientific Society of Epidemiology,
Microbiology, and Immunology, as well as of the
Society of Microbiology at the Union of Scientific
Workers. He was a scientist with a critical dispo-
sition towards the problems in the development
of science and university education. His erudition
and brilliant foreign language knowledge were
amazing. The successes in the work of the Science
and Information Center at the National Center of
Infectious and Parasitic Diseases would never be
achieved without his everyday tenacious contribu-
tion in the work of the associates of the Center.

After his retirement he participated actively
in the public life. He was a municipal counsilor
- and a Secretary of the Metropolitan Municipal
Council for a short period of time - during the hard
way towards democracy in the 90s. He was a de-
servedly respected, honorable member of the Bul-
garian Association of Microbiology.

I have asked myself many times whether he
had taken that very manifested dignity and joy, that
he emitted, from the thousands books he had read?
He will remain for these qualities in our hearts for
ever. Because “for the man is the joy, the joy and
the laughter, that he has to learn”, as Friedrich Ni-
etzsche wrote in “Thus Said Zarathustra”.

Let us honor with a deep, deep bow the
bright memory of Dr. Andreas Engibarov!

Milyana Chuchkova



1Y Fo
o® &

2
2 o
- (s
) ~
Yog  19°

Chronicle

ACTA MICROBIOLOGICA BULGARICA

Second National Scientific Food Conference with
International Participation, March 20-21, 2015, Sofia

Currently, the food safety is a topic of mankind’s
great interest. In March 2015 at New Bulgarian Univer-
sity the II™ National Scientific Food Conference with
international participation was hold. The conference
was organized by the Bulgarian Society for Microbiol-
ogy, New Bulgarian University (NBU), Department of.
Natural Sciences and Biolaboratory, The Stephan An-
geloff Institute of Microbiology, Bulgarian Academy of
Scineces, and the Bulgarian Food Safety Agency. The
Organizing and Scientific Committee members were
prominent scientists of Bulgarian Academy of Scienc-
es, Sofia University, University of Food Technologies in
Plovdiv and top-level managers of the Bulgarian Food
Safety Agency. The Second Food Conference was under
the auspices of New Bulgarian University’s Rector. It
was financially supported by the Central Fund for Stra-
tegic Development of NBU as well as by the laboratory
equipment business companies. Recent results of the
NBU Biolaboratory and the ongoing projects laid the
foundations of the Food Conference and its future orga-
nization in each two consecutive years.

During the conference the 110" Anniversary of
the discovery of Lactobacillus bulgaricus by Dr. Sta-
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men Grigoroff was celebrated. A solemn speech was
given by Academician Angel Galabov.

The conference was a large-scale local scien-
tific event gathering together over 150 delegates who
presented 100 plenary lectures, oral presentations and
posters in six topics: Food Quality, Food Biotechnology,
Food Safety, Microbiological Control of Food, Probiot-
ics and Prebiotics and Varia. Great interest was payed
on the plenary lecture of Prof. Vaso Taleski (University
“Goce Delchev”, Stip, FYROM) focused on the nano-
microbiology, the application of nanobiosensors in de-
tecting food pathogenes and the advantages of metal
nanomaterials that possess unique antimicrobial activ-
ities as silver, gold and titanium. Prof. Encho Savov
(Military Medical Academy, Sofia, Bulgaria) gave a key
plenary lecture that explored the end of the post-antibi-
otic era and multidrug- and pandrug-resistant bacteria.
Assoc. Prof. Milen Georgiev (Stephan Angeloff Insti-
tute of Microbiology, BAS) presented a plenary lecture
on metabolomics applied in natural products and bio-
technology. A novel probiotic product was presented by
Kiril Petkov. The product contains Lactobacillus bul-
garicus, which was isolated from mountain snowdrop.
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It is currently patented in USA and on the USA mar-
ket. The product inhibits in 48h 100% of the growth of
pathogenes Escherichia coli, Listeria monocytogenes,
Staphylococcus aureus, Acinetobacter baumanii as well
as Pseudomonas aeruginosa.

The conference attended both Bulgarian and for-
eign scientists form Switzerland and Balkan Peninsula
countries - Serbia, FYROM and Kosovo.

The conference coursed as a small congress with
plenary lectures, oral presentations and a poster session
with more than 60 posters. Three posters were select-
ed by the Scientific Committee for The Best Poster of
Young Scientist Award: 1% place was awarded to the
poster of Zahmanov et al. (Bulgaria) called “Beyond
the nutritional value of Sambucus ebulus: metabolom-
ics and antioxidant activities”; 2" place won the poster
of Nemska et al. (Bulgaria) on the topic “Isolation and
initial characterization of lactic acid bacteria from tra-
ditional dairy products”. The 3™ place was honored to
Logonia et al. (Serbia) for their research “Electrochem-
ical determination of redox potential in infant formula

77

and human breast milk”. All awarded authors were PhD
students.

The second day of the Conference was devoted
to a Workshop on Molecular Methods in Food Control.
The Workshop was conducted in the Biolaboratory of
New Bulgarian University, with the participation of
ELTA-90, BIORAD and Progene Molecular Diagnos-
tic Ltd.

More information is available at the conference
website: http://ebox.nbu.bg/2foodconference/. Abstract
book can be downloaded be the above mentioned
website. Presentations and posters were included and
edited in a CD-ROM, ISBN 978-954-535-624-7.

The next, Third International Food Conference
will be held at March 23-25, 2017, in New Bulgarian
University, Sofia.

Galina Sachanska
New Bulgarian University, Biolaboratory
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BALKAN CONGRESS OF MICROBIOLOGY
22-24 October, 2015
Makedonia Palace, Thessaloniki Greece

General Information Registration fees
PRESIDENTS OF THE CONGRESS Early registration fee until June 20, 2015 - 150 €

Late registration fee after June 20, 2015 - 200 €
Professor Athanassios Tsakris Registration fee on site - 250 €
Medical School, University of Athens Early registration fee for young specialists (up to
e-mail: atsakris@med.uoa.gr 35 years old) until June 20, 2015 - 90 €

Late registration fee for young specialists (up to 35
Professor Anna Pappa years old) after June 20, 2015 - 130 €
Medical School, Aristotle University of Thessaloniki Registration fee for young specialists (up to 35
e-mail: annap@med.auth.gr years old) on site - 150 €
ADMINISTRATIVE SECRETARIAT Registration fee includes:
ASCENT Ltd e Access to the plenary sessions
29 Michalakopoulou str., 115 28 Athens e Access to the company presentations
Tel: 30 210 7213225, Fax: 30 210 7246180 e Access to the laboratory and microbiology
e-mail: siorasgs@otenet.gr equipment exhibition

e Access to poster sessions
CONGRESS VENUE e The material of the Congress
e Welcome Reception on October 22, 2015

MAKEDONIA PALACE 5* e Coffee breaks
2, Meg. Alexandrou Av., 54640, e Does not include accommodation

Thessaloniki, Greece,
T: +30 2310 897197
www.makedoniapalace.com

Makedonia Palace, one of the most genuine parts of Thessaloniki and a city landmark. Fresh and warm in
its welcoming, it offers a complete series of 5-star accommodation services at its 283 rooms and suites. In a
unique location, which gives its visitor the chance to stay right next to the city’s center while he can enjoy
the unique view of “Thermaikos” gulf blue, the renewed Makedonia Palace greets you with its most heartfelt
“Welcome”

Makedonia Palace is the ideal host for every type of professional gathering. From the 20-person meeting
rooms to the 600 sq.m. of the spacious Aristotelis Hall, every single space has an arrangement flexibility that
makes it ideal for every kind of meeting.
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GUIDE FOR AUTHORS

The journal Acta Microbiologica Bulgarica is organ of the Bulgarian Society for Microbiology
(Union of Scientists in Bulgaria). The journal is continuation of the edited till 1993 journal of the same
name, cited in Index Medicus and Medline. The new edition is published two times per year.

Types of articles

The journal publishes editorials, original research works, research reports, reviews, short
communications, letters to the editor, historical notes, etc from all areas of microbiology. The manuscripts
should not represent research results which the authors have already published or submitted in other books
or journals. The papers submitted for publication in Acta Microbiologica Bulgarica are peer-reviewed by
two experts from the respective scientific field who remain anonymous to the authors.

Article structure

The papers are published in English, accompanied by a bilingual summary (English and Bulgarian).
The papers should be typed with double-spacing (28-30 lines), on a white paper in A4 format, with
margins of 3 cm.

The length of the original research paper, including the annexes (tables, figures, etc.) should not
exceed a signature or printer’s sheet (30,000 signs, that is, 16 pages with 30 lines each) in Times New
Roman 12. The length of shorter reports should not exceed seven pages.The submitted manuscript must
contain the name/s and surname/s of the author/s, the name and address of the institution and or organisation
where it was prepared. The name and address of the corresponding author should be noted. The abstract
should not exceed 250 words and should represent briefly the goals, methods, main results (with numerical
data) and basic conclusions of the research.The most essential six key words must be added to the abstract.
The manuscript contains the following sections: introduction, materials and methods, results, discussion,
acknowledgements, references. The introduction must be concise with a clearly defined goal and with
previous knowledge of the problem. The materials and methods ought to contain sufficient data to enable the
reader to repeat the investigation without seeking additional information. The results should be presented
briefly and clearly, and the discussion should explain the results.The measuring units and other technical
data should be given according to the Sl-system. Illustrations (tables and figures) are submitted separately
and their places in the text should be clearly indicated. Tables should be given in a separate sheet, numbered
and above-entitled. The figures must be accompanied by legends in a separate sheet.

Reference style

The references used are cited in the manuscript as follows:
e In the case of single author - the author’s surname and the year of publication (Petrov, 2012);
¢ In the case of two authors - the authors surnames and the year of publication (Petrov and Vassileva,
2013);
¢ In the case of more than two authors - the first author’s surname, at all., and the year of publication
(Christova et al., 2014).
The references included in the section “References” of the manuscript should be arranged first
alphabetically and then further sorted chronologically if necessary. More then one reference from the
same author(s) in the same year must be identified by the letters “a”, “b”, “c”, etc. place after the year of
publication.
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Examples:

Reference to a journal publication:

Georgiev, P., V. Simeonov, T. Ivanov (2010). Production of thermostables enzymes. Biotechnol. Biotec.
Eq. 27: 231-238.

Reference to a book:

John, R., W. Villiam, G. Wilmington (2011). New approach for purification of enteroviral proteins, in:
Peterson, K., A. Smith (Eds.), Methods in Proteinology. Elsevier, London, pp. 281-304.

Journal names should be abbreviated according to the List of Title World Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/

Manuscripts should be submitted to the Editorial Board of the journal Acta Microbiologica Bulgarica in
electronic version of the paper to the following address:

vanianik@mail.bg

The publications in Acta Microbiologica Bulgarica are free of charge. The authors of the manuscripts
need to cover the costs of printing collared illustrations.
https://library.caltech.edu/reference/abbreviations/
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