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UVODEM
Vazeni pratelé,

vitdme Vas v novém roce 2018 a také jiz ve 28. ro¢-
niku naseho Bioprospectu, ktery, jak doufame, bude
i nadéle slouzit k pravidelnému kontaktu se viemi
nasimi ¢leny a pfiznivci. Usp&$ny mezinarodni kongres
Biotech 2017, spojeny jiz se 7. ¢esko-Svycarskym sympo-
siem, bude v podstaté zakoncen az v poloviné leto3ni-
ho biezna, kdy vyjde jiz tieti specialni ¢islo prestizniho
biotechnologického casopisu Biotechnology Advances
(pfedchozi dvé cisla byla spojena s nasimi mezinarod-
nimi akcemi Biotech 2014 a Biotech 2011). V tomto
poslednim specialnim cisle Biotechnology Advances,
nazvaném ,Prospects in Biotechnology”, je publikova-
no 18 peclivé vybranych a tvrdym recenznim fizenim
proslych pfehlednych ¢lankd na velmi zajimava a velice
aktualni témata soucasnych biotechnologii.

Biotech 2017 si zde pfipomeneme i tim, Ze jsme
do naseho prvniho letosniho (isla zafadili pfispé-
vek predsedy 3Svycarské biotechnologické spolecnosti
Dr. Grawundera, ktery pfednesl na zahdjeni nasi spo-
le¢né akce. Velmi Gspésna, a EFB velice kladné hodno-
cend, byla konference Green for Good IV pofadana olo-
mouckymi kolegy a vénovana rostlinné a zemédélské
biotechnologii. Ceské pobo&ka EFB pfi Centru regionu
Hana pro biotechnologicky a zemédélsky vyzkum dob-
fe reprezentovala ceské biotechnologie v EFB a profe-
sor Frébort Gispésné zastupuje nasi spolecnost ve vede-
ni EFB. Jednou z vyznamnych Cinnosti EFB je vydavani
¢asopisu New Biotechnology. V r. 2017 doséhl ¢asopis
na impact factor 3,813, coz pfedstavuje 20% nar(st
proti r. 2016 a stava se stale zajimavéjsim pro publikaci
ptvodnich praci.

Jak jsme Vas jiz informovali, ,European Federation
on Biotechnology” (www.efbiotechnology.org) pofada
18" European Congress on Biotechnology ve dnech
1. — 4. cervence 2018 ve 3vycarské Zenevé
(www.ecb-2018.com). Doporucujeme Ucastnit se a pre-
zentovat tam vysledky ceského biotechnologického
vyzkumu.

Z tuzemskych akci, které by mohly nase ¢leny a pfiz-
nivce zajimat, jsou v tomto roce:

e The 43 FEBS Congress, ktery se uskute¢ni v Praze
ve dnech 7. — 12. Cervence 2018 (https://2018febs-
congress.com)

o XXVIII*" Genetic Days se uskutecni 18. — 20. zéfi 2018
v Ceskych Budgjovicich (informace: Tereza Kavova
(kavova.tereza@gmail.com)

9. ledna 2018 uplynulo 150 let od narozeni vyznam-
ného danského chemika Sérena Sérensena, ktery pra-
coval v ,Carlsberg Laboratory” zalozené svétoznamym
pivovarnikem J. C. Jacobsenem v r. 1876. Tuto laboratof
ved| jako nastupce dalSiho vseobecné znamého dan-
ského chemika Johana Kjeldahla. Sérensen pracoval
v laboratofi se svou zenou Margreth na problematice
vlivu koncentrace iontdl na proteiny, ktera ho vedla
ke konceptu pH stupnice. Sérensen vyvinul metody sta-
noveni pH roztok{, zavedl formolovou titraci aminoky-
selin a stal se i expertem v oblasti fermentaci.

(http://www.chemistryviews.org/details/ezine/
/10724372/150th_Birthday_Sren_Srensen.html).

Shodou okolnosti si v letosnim roce (25. 6. 2018)
pfipomeneme 150 let od narozeni dalSiho vyznamné-
ho danského chemika Alfreda Wohlka. Wohlk v r. 1904
objevil barevnou reakci, kterou je mozno odlisit
reakci laktosy od jinych redukujicich cukr(, pfedevsim
glukosy. Wohlklv test byl pouzivan zejména v lékaf-
ské diagnostice k priikazu laktosy v moci a to zhruba
az do r. 1960, kdy byl nahrazen modernéjsimi meto-
dami. Test umoziioval rozliseni nebezpe¢ného diabe-
tu od relativné méné nebezpecné laktosurie. Dodnes
vsak Wohlkdv test predstavuje velmi zajimavy pokus
pro studentské laboratofe, kde mize nazorné ukazat
ve kterych mlé¢nych vyrobcich je laktosa zachovéna,
ve kterych byla fermentovana (zakysané mlécné vy-
robky) nebo odstranéna (bezlaktosové mléko). (Vice
informaci na http://www.chemistryviews.org/details/
/education/10821368/.html?elq_mid=25605 & elq_
_cid=893387)

Redakce Bioprospectu Vam pieje pfijemné pocteni
¢lankd publikovanych v tomto Cisle a tési se na vase
pfispévky a naméty.

Srdecné Vas zdravi
Vasi
Jan Kas a Petra Lipovova
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Dear distinguished guests, colleagues, and friends from Industry and Academia,

As the Vice-President of the Swiss Biotech Associa-
tion, one of the supporters of this conference, it is my
pleasure to also welcome you to the 7t Czech-Swiss
Biotech Symposium. The Swiss Biotech Association
is an Association that represents small and medium-
-sized Biotech companies in Switzerland and has about
200 member companies. My Biotech company, NBE-
-Therapeutics, in Basel, is actually one of them.

The Swiss Biotech Report for the year 2016 altogether
lists 281 Biotech companies. Therefore, the Swiss Bio-
tech Association represents the majority of small and
medium-sized Biotech companies in Switzerland.
These Biotech SMEs are indeed an important driver for
innovation and applied research leading to new the-
rapies and other high-valued products in Switzerland.
Indeed in many cases, this innovation in applied re-
search is deeply rooted in Swiss academic research or
performed in collaboration with academic experts. For
this, Switzerland has created a unique funding instru-
ment managed by the so-called Swiss Commission for
Technology and Innovation, in short: CTI.

In this funding scheme, for which the Swiss gover-
nment has set aside about € 220 millions for 2017, Swi-
ss Biotech companies and academic research groups
can jointly apply for CTI funding supporting an applied
research project with the objective of commercial tran-
slation. The cash funding only goes to the academic
partner, and this cash funding is matched by in-kind
contributions of the industry partner. Eventually, inno-
vations coming out of such a CTl-project shall exclusi-
vely be exploited by the industry partner. This strategy
has the advantage that Biotech companies can leverage
the outstanding know-how and also the excellent in-
frastructure of academic partners for their translational
development projects. At the same time, the academic
partners liaise with industry research groups and bene-
fit from the direct funding, to keep their teams funded.
| consider this model as one of the success stories of
Swiss research conducted by Swiss Biotech SMEs.

Due to the focus on applied research and its commer-
cial translatability, particularly the technical Universities
in Switzerland benefit from this CTI funding scheme.
The Swiss Biotech SMEs contribute significantly to the
economic prosperity of the country. Just to give you
some numbers: The 281 Biotech SMEs in 2016 em-
ployed about 15'000 employees - 7300 of these in
privately owned companies, and 8’000 in publically tra-
ded companies. The indirect effects on the Swiss labour
market are of course not considered in these numbers.
According to the recently published Swiss Biotech re-
port, the Swiss Biotech industry generated € 5.3 billion
in revenues in 2016, creating € about 415 million profits
during the last year.

Although the number for profits appears small, it is
yet a positive number, considering that the majority of

privately held, Venture Capital-financed Biotech com-
panies are loss-making companies until an exit occurs.
As you know, exits in the Biotech sector often come at
valuations of hundreds of millions € or more, which is
not recorded in the profit & loss calculation for Swiss
Biotech SMEs in the Swiss Biotech report. In 2016 Swiss
Biotech SMEs are reported to have ca. € 2.5 billion in
liquidity on their balance sheets which allowed them
to re-invest ca. € 1.5 billion in R & D activities in 2016.
These impressive numbers have been quite robust over
the last 3 year period and have slightly increased in
2016.

The Swiss Biotech Association has the motto
“1 Nation 1 Cluster” and, as such, has the objective to
improve the framework for all Biotech and Life Science
Companies in Switzerland, allowing them to thrive and
to become successful.

In a small country with a 8.3 million population,
just short of the 10.5 millions of the Czech Republic,
but with a strong federal structure (called Cantons in
Switzerland), and three main language regions, we,
at the Swiss Biotech Association, believe it is important
to equally foster Biotech in all regions of the country,
rather than to cultivate regional competition.

Personally, | believe that this theme could be ex-
tended to Europe as a whole, because we, in Europe,
are in a global competition in all areas of Biotech —
a field, that is still dominated by U.S. companies — and
Asian companies are quickly catching up in volume
and most recently also in quality.

Therefore, we are very pleased that Switzerland,
although not being a member of the European Union,
is again a fully associated member of the Horizon2020
funding scheme of the EU, because outstanding
research and innovation performed across Europe do
not stop at the Swiss-EU border.

It is my wish that this will foster many interactions,
existing and new ones, between academic and indus-
try research groups in the Czech Republic and Switzer-
land - two countries of similar population, which criti-
cally depend on research and innovation to maintain
the prosperity of the society in the future

All participants, delegates, and speakers of the Czech-
-Swiss Biotech Symposium | do wish an enjoyable
symposium with many fruitful interactions that may
be the focus of great future innovations and business
opportunities between Czech and Swiss academic
groups and businesses in Biotech.

UIf Grawunder, PhD
Chief 3Executive Officer
NBE- Therapeutics AG
Technology Park Basel
Switzerland
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ODBORNE PRISPEVKY

UTILIZATION OF HYDROLYSED WASTE MATERIALS
TO REDUCE COSTS IN MICROBIAL PRODUCTION

OF LACTIC ACID

Marek Drahokoupil

Department of Biotechnology, University of Chemistry and Technology, Prague, Czech Republic;

drahokoupil. marek@vscht.cz

Introduction

Lactic acid has been used for a wide range of applica-
tions. It is mainly used in the food industry as a pH regu-
lator and food preservative. Thanks to its antimicrobial
activity and hydration effect, it has also found its use
in cosmetics. Due to the presence of reactive groups in
the lactic acid structure, it is able to form a polymer that
can be used in medicine, e.g. as biodegradable pro-
stheses or fibers designed to suture wounds and blood
vessels. It is also used in the pharmaceutical and textile
industries’. The new field of application of lactic acid
includes its use as a precursor for the synthesis of
propylene glycol and acrylic polymers or also as envi-
ronmentally friendly solvents. Last but not least, the lac-
tic acid polymer is a suitable material for replacing tra-
ditional plastics whose main precursor is petroleum.’
Beside their relatively easy degradability, the possibility
to use renewable resources as substrates represents
a great advantage.

In most industries where lactic acid is used, its
optical L-isomer is preferred. From the health point of
view, the D-isomer can cause hyperacidity of the body
of children up to one year of life, or in patients with
short bowel syndrome2. When used for the production
of polymers, L-lactic acid makes it possible to achie-
ve higher yields and better technological properties of
the resulting polymer.

Since the chemical production of a particular isomer
of lactic acid is not chemically achievable, microbial
production with a properly chosen production strain or
genetically modified organisms could be a way for the
production of L-isomer®. Today, microbial production
of lactic acid represents more than two-thirds of its to-
tal global production®.

The most widespread microorganisms capable of
producing lactic acid are lactic acid bacteria. These bac-
teria belong to an artificially formed group of micro-
organisms that was created on the basis of metabolic
similarity; the final product of their metabolism is at
least 50% of lactic acid®. Lactobacillus, Lactococcus,
Streptococcus, Leuconostoc, Pediococcus, Enterococcus
and Bifidobacterium are included in this group. Com-
mon features of these families are facultative anaero-
bic to anaerobic lifestyle, Gram-positive cell wall con-
struction and, in most cases, inability to form a spore®.
Lactic acid bacteria are ubiquitous in nature except
in extreme conditions. The main place of their occu-
rrence is the gastrointestinal tract of animals and hu-
mans, their oral cavity, and the urovaginal tract. In our
project, the strain Lactobacillus casei 198 belonging to

the genus Lactobacillus was used for the production
of lactic acid. This representative was selected from
screening tests of a large number of strains in the Labo-
ratory of Microbial Processes at the Institute of Biotech-
nology’. For this producer, the highest yield of L-lactic
acid was achieved in fermentation tests.

Although the high concentrations of lactic acid can
be achieved in many processes, the cost of the substra-
te is often crucial for reasonable production. Normally,
waste products from the agro-food industry are most
commonly used as substrates. However, most of the
raw materials are based on starch (edible substrate for
human) or in case of non-food substrates (e.g., plant
biomass based on cellulose) need to be pretreated by
hydrolysis to achieve the cleavage of complex sugars,
into simple carbohydrates that are used as a source
of carbon and energy by the a production strains.
It should also be supplemented by further nutrients,
including nitrogen sources (yeast extract, peptone,
meat extract) or vitamins that are often expensive®.

In our work, chicken feather hydrolyzate has been
used as an alternative and cheap source of nitrogen
to lower the price of the cultivation medium. Feathers
are mainly composed of keratin proteins and after its
individual amino acids and peptides that can be used
by lactic acid bacteria are released. There are several
possibilities how to carry out the hydrolysis processes,
including hydrolysis using suitable microorganisms with
keratinolytic activity (Pseudomonas sp.) or enzymatic
hydrolysis using the suitable enzymes. These methods,
however, are expensive due to the high cost of enzy-
mes and the need for feather pre-treatment before
hydrolysis. Another disadvantage is the low bioavaila-
bility of the resulting peptides and free amino acids.
In this respect, the use of alkaline hydrolysis under
slightly alkaline and mild conditions, which does not
require any pretreatment of feathers, is more suitable.
This method also provides sufficient yield of hydrolysis
of feathers and resulting products are bioavailable for
bacteria. Such product can be used to replace expensi-
ve, industrially produced peptone and yeast extract that
are part of normally used MRS medium®.

Materials and Methods

Alkaline hydrolysis of chicken feather

Chicken feather was hydrolysed with sodium hyd-
roxide at a concentration of 2, 5, 10, 15 and 20 % by
weight and used as a neutralizing agent. 2 g of milled
feather was placed into 250 mL Erlenmeyer flasks and
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poured by 100 mL of 2, 5, 10, 15 or 20% NaOH and
incubated for 24 h at 70 °C and 130 rpm on a rotary
shaker. The hydrolysis time was dependent on the con-
centration of the hydroxide used (with increasing hyd-
roxide concentration reaction time was shortened)’.

Fermentation in bioreactor

Chicken feather (solution hydrolyzed with 20%
NaOH) was used not only as nitrogen supplement
but in one parallel also as a neutralizing agent for
pH control in the lactic acid production process.
Cultivations were carried out in two stirred LabFors
laboratory reactors at 37° C, mixing 200 rpm, without
bubbling CO,. Batch cultivation was carried out with
450 ml of complete MRS medium inoculated with
50 ml of inoculum. In the first bioreactor the pH was
controlled using 209% NaOH solution, and in the se-
cond bioreactor, the feather hydrolysate was used for
keeping constant pH. After 17 hours of culturing, 20 g
of 500 g /L sterile glucose solution was fed to each
bioreactor, to replenish the source of carbon. In ano-
ther 4 hours, the carbon source in the form of a sterile
glucose solution was fed continuously into the reactors
by using peristaltic pumps. The dilution rate was calcu-
lated to be 27 mL of glucose per hour. Samples were
regularly withdrawn for HPLC and cell growth (optical
density) measurement. After 36 hours of cultivation,
the glucose stock solution was depleted, and the entire
experiment was terminated.

In the second experiment, the chicken feather was
used not only as a neutralizing agent (feather in 20 %
NaOH solution) but also a replacement of all nitrogen

sources in the MRS medium (feather in 2% NaOH
solution). The experimental setting was the same as in
previously described.

Results and discussion

Results for fermentation in bioreactor

Firstly, the possibility to replace traditionally used
NaOH as a neutralizing agent by the alkali hydrolysa-
te of the chicken feather was investigated. As seen in
Table |, after 16 h of batch, the final concentration of
lactic acid was almost the same and glucose was com-
pletely consumed in both cases. After glucose depleti-
on (signalized by a plateau in on-line measured hyd-
roxide addition) fed-batch cultivation was initiated by
feeding concentrated glucose solution (500 g/L). Since
the glucose and neutralizing agent contribute to volu-
metric changes in the reactor, the total mass balance
has to be performed to evaluate lactic acid production.
After x h of fed-batch 29.5 g and 40.7 g of lactic acid has
been produced in bioreactors with sodium hydroxide
and hydrolysate of chicken feather, respectively. Also,
the yield and productivity were higher when the feather
hydrolysate was used as seen in Table II. The results
show that feather hydrolysate is a suitable neutralizing
agent for the production of lactic acid.

Secondly, feather hydrolysate (2%) was used as
a replacement of the nitrogen sources normally used
in MRS medium. The batch culture was first run. The
cultivation with MRS has been used as a reference.
Firstly, the batch culture with x g/l of glucose has been
carried out followed by the repeated pulses of concent-

Table I: Results obtained with 20 % NaOH as a neutralizing agent

20 % NaOH Chicken feather hydrolysate
Time Glucose Lactic acid Glucose Lactic acid
(hours) concentration concentration concentration concentration
(g/L) (g/L) (g/L) (g/L)
0 20.03 3.25 19.67 2.71
3 16.36 7.20 12.88 5.29
16 0 22.57 0 23.01

Table I1: Summarizing results of yield and productivity of lactic acid by fermentation in bioreactors

20% NaOH Chicken feather hydrolysate
Ywwaic in batch fermentation (g/g) 0.96 1.03
Ywwac in fad-batch fermentation (g/g) 177 1.80
Productivity of fermentation (g/I/h) 1.69 2.20

Yuwaic - Yield of lactic acid to consumed glucose

Table I1I: Comparison between the two fermentations yield

Amount Amount of lactic Yield
Fermentation of glucose acid production
(%)
(g) (g)
Complete MRS medium 164.24 100.96 61.50
Incomplete MRS medium 74.86 41.18 55.00
Bioprospect ¢. 1/2018 4 Rocnik 28



rated glucose solution (500 g/L) fed into the bioreactor
after the carbon and energy sources have been deple-
ted (see Figure 1 and Figure 2). In this case, 70 g of lactic
acid was obtained with MRS, while with the incomple-
te MRS medium whereby all nitrogenous constituents
were replaced with 2% chicken feather hydrolyzate,

Acknowledgment
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of the project LTACH-17006 of the Inter-Action Inter-
-Excellence program of Ministry of Education, Youth,
and Sport of the Czech Republic.

only 26 g of lactic acid was obtained.
The results show that in both cases 16

glucose was not completely consu-
med, but accumulated gradually; 4
in case of incomplete MRS medium,
the rate of glucose consumption
was significantly slower throughout
the cultivation cycle compared to
the reference fermentation, resul-
ting in much lower lactic acid pro-
duction. All results from both culti-
vations are shown in Figures 1 and
2 and Table I11.
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Fig. 1: The amount of glucose consumed and the lactic acid produced during
reference fermentation on complete MRS medium. The right axis y is the amount
of lactic acid produced, the left axis of the amount of (ingested) glucose.
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Drahokoupil M.: Utilization of hydrolyzed waste materials to reduce costs in the microbial production of lactic acid
The main objective of this project was to design and optimize the process of microbial production of lactic acid on a model MRS me-
dium using an inexpensive keratin hydrolysate with the goal to achieve high yield and concentration of lactic acid produced by the strain
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Lactobacillus casei 198. Firstly, the chicken feather was investigated as a low-cost source of nitrogen. Taking the growth of biomass and
the final concentration of lactic acid as the main criteria, 20 % hydrolysate of chicken feather was chosen for the next experiments. Using
this hydrolysate caused minimal dilution of the total volume of the culture medium in the bioreactor. The final achieved concentration
of lactic acid in the medium in batch culture was 48 g/L Unfortunately, although the feather hydrolysate showed promising result as
a neutralizing agent in a batch culture, it was not suitable as a source of nitrogen in a fed-batch culture, where only 35 % concentration
of lactic acid was achieved compared to the MRS medium.

Keywords: Lactic acid, chicken feather hydrolysate, neutralizing agent, fermentation in bioreactor, source if nitrogen.

Souhrn

Drahokoupil M.: Vyuiiti hydrolyzovanych odpadnich materialii ke sniZeni nakladii na mikrobialni produkci kyseliny mlécné
Hlavnim cilem tohoto projektu bylo navrhnout a optimalizovat proces mikrobialni produkce kyseliny mlé¢né na modelovém MRS médiu
za poutiti levného keratinového hydrolyzétu s cilem dosahnout vysokého vytézku a koncentrace kyseliny mlé¢né, produkované kmenem
Lactobacillus casei 198. Nejprve bylo kufeci pefi zkoumano jako levny zdroj dusiku. S ohledem na riist biomasy a kone¢nou koncentraci
kyseliny mlé¢né, jako hlavniho kritéria, byl pro dalsi experimenty vybran 20 % hydrolyzét kufeciho pefi. PouZiti tohoto hydrolyzatu zpi-
sobilo minimalni ziedéni celkového objemu kultivaéniho média v bioreaktoru. Kone¢na dosazena koncentrace kyseliny mlé¢né v médiu
ze vsadkové kultivace byla 48 g/I. Bohuzel, i kdyZ hydrolyzat pefi vykazoval slibny vysledek jako neutraliza¢ni ¢inidlo ve vsadkové kulti-
vaci, tak se neprokazal jako vhodny zdroj dusiku v piitokované kultivaci, kde bylo dosazeno pouze 35 % koncentrace kyseliny mlé¢né

ve srovnani s MRS médiem.

Klicova slova: Kyselina mlé¢na, hydrolyzat kufeciho pefi, neutraliza¢ni ¢inidlo, fermentace v bioreaktoru, zdroj dusiku.

INFLUENCING FATTY ACID COMPOSITION OF YEASTS
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Lucia Gharwalova', Michal Zimola', Tomas Rezanka?, Jan Masak’', Irena Kolouchova'
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Introduction

At the present time, plant oil production faces a back-
lash due to environmental pollution, which also
brings many economic problems'. This opens up the
possibility of finding a new way to produce quality and
affordable oils. Plants producing oil occupy areas of
agricultural land. Operations associated with their cul-
tivation are increasingly devastating and polluting the
environment, especially from fertilizer soil contamina-
tion. A more efficient and natural way to produce lipids
could be the use of some microorganisms that are also
capable of producing lipids on cheap or waste sub-
strates. Cultivation of lipid-producing microorganisms
does not require farmland since cultivation reactors
have a relatively smaller area. Another advantage is the
possibility of production irrespective of the climate or
the season. The disadvantage is the relatively high price
of the obtained product®.

Research has focused on yeasts that have the abi-
lity to use alkanes as a source of energy and carbon.
This types of organisms have developed an enzyma-
tic apparatus that gives them the ability to use alkanes
as a carbon source’.Yeasts, but also other microorga-
nisms, are able to harness different sources of carbon
for their growth, from simplest compounds to complex
and at different concentrations®. Already in the 1970s,
the studies dealt with the degradation of pollutants
in the environment. Most often, water or soil pollu-
tion was caused by various oil fractions, which were
mainly related to the development of the oil indust-
ry. It has been found that n-alkanes have an effect on
the synthesis and composition of fatty acids in the cells
of microorganisms, especially yeast’. These substances

can be added in pure form or in the form of a mixture
of different alkanes which naturally occur in crude oil.
The alkanes are also supplied to the culture medium
in a liquid form or are dispensed into different filling
reactors where they are vaporized and subsequently
transported by humidified air to mixed bacteria, yeast,
and mold cultures.

This work explores the influence of non-traditio-
nal carbon sources, the growth of microorganisms,
the production, and composition of intracellular lipids.
The produced fatty acids could be used to produce bio-
fuels® or for various dietetic preparations®.

Materials and Methods

Microorganisms

The yeast strain used Yarrowia lipolytica CCY 29-26-
-36 was provided by Culture Collection of Yeast, Institu-
te of Chemistry, Slovak Academy of Sciences, Bratislava.
The stock culture was stored in 20 % glycerol at -70 °C.

Cultivation

The pre-cultures of yeast strains were cultivated
in 100 ml of complex YPD medium (20 g/l peptone,
10 g/l yeast extract, 20 g/I glucose, initial pH 7, steri-
lized at 121 °C for 20 min) in Erlenmeyer flasks on
a rotary shaker at 150 rpm and 28 °C to the late ex-
ponential growth phase. For the lipid production in
Erlenmeyer flasks, 200 ml of TCM medium (KH,PO,,
1.7 g/l; Na,HPO,2H,0, 0.75g/l; (NH,),SO,, 4.00g/l;
MgCl,-6H,0, 0.34 g/I; MnCl,-4H,0, 0.34 g/I; CaCl,-2H,0,
0.26 g/I; FeSO,-7H,0, 2.84 g/I; NaMoO,-2H,0, 0.34 g/I,
sterilized at 121 °C for 20 min) was inoculated with
a 5% inoculum of the pre-culture to a final concent-
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ration of OD,,, 0.2 and incubated on a rotary shaker
(150 rpm and 28°C) to the stationary phase. In ex-
periments with media containing glucose, a concent-
ration of 20 g/l was employed. All experiments were
performed in triplicates. The media contained diffe-
rent n-alkanes in concentrations 1g/l, 3 g/l and 5 g/I
(n-pentadecane (299 %, Sigma-Aldrich) and n-hepta-
decane (299 %, Sigma-Aldrich) and with or without
the supplement of rhamnolipids. Purified rhamnolipid
mixtures were obtained from Pseudomonas aerugino-
sa DBM 3775%. Rhamnolipids were added in a critical
micellar concentration of 56 mg/I.

The cultivation in bioreactor took place in an assem-
bled oxygen and pH probe bioreactor filled with 11 of
sterile TCM medium with 5 g/l of C15 and 10% yeast
inoculum and optionally rhamnolipid was added.
The cultivation conditions were as follows, mixing
at 500 rpm, thermostat was set at 28 °C and aeration
at 1.1 VWM™ The inoculum was cultured in a YPD me-
dium. Cultivation took place to the late stationary pha-
se of growth. Growth curves were measured spectro-
photometrically (OD 600 nm).

Upon reaching the stationary phase of cell growth,
the cultured cells were separated by centrifugation on
a Sorvall instrument (7200 rpm, 15 min, 5 °C). The cen-
trifuged cells were frozen and lyophilized.

Lipid extraction

After lyophilization, the biomass was mixed with 2 ml
of 0.1 mol/l Na,CO; and the mixture was ground with
ballotini glass beads (diameter 0.2 mm) in a mortar,
overlaid with liquid nitrogen. After the third reiteration
of this process, 50 ml of 0.1 mol/l Na,CO; was added.
The lipids were extracted with the chloroform-methanol
mixture according to Bligh and Dyer'. The determina-
tion of dry weight followed the centrifugation and sub-
sequent lower phase was evaporation.

Analysis of fatty acid methyl esters
The total lipids were saponified overnight in 10 %
KOH-MeOH (at room temperature). To remove basic

and neutral components, the fatty acid fraction from
saponification was partitioned between an alkali soluti-
on (pH 9) and diethyl ether. The aqueous phase contai-
ning fatty acids was acidified to pH 2 and later extracted
with hexane. Methylation of the fatty acid fraction was
performed by a 17 % solution of BF;/MeOH (Sigma-
-Aldrich).

Gas chromatography-mass spectrometry of FAME
(fatty acid methyl ester) was done on a GC-MS system
consisting of Varian 450 GC (Varian BVm Middleburg,
The Netherlands), Varian 240-MS ion trap detector
with electron ionization (El), and CombiPal autosam-
pler (CTC, USA) equipped with split/splitless injector.
The separation took place on an SP-2380 column (Su-
pelco) (100 m, 0.25 mm ID, 0.20 pm film thickness).
The temperature during analysis started at 60 °C and
was held for 1 min in a splitless mode. After the splitter
was opened, the oven heated to 160 °C at the rate of
25 °C min’'. The second temperature inclined at 220 °C
at a rate of 1 °C min' for 10 min. The solvent delay time
was set to 8 min. The transfer line temperature was
280 °C. FAMEs were identified according to their mass
spectra and chemical standards (Sigma-Aldrich).

Results and discussion

Cultivation in Erlenmeyer flasks

Yarrowia lipolytica was capable of utilizing hydro-
phobic carbon sources in the form of medium-length
alkanes (n-pentadecane and n-heptadecane) (Fig. 1).
Cultivation of this yeast in a mineral medium with
3 g/l of n-pentadecane yielded in 2.73 g/I of biomass.
The addition of rhamnolipids to the growth medium
increased lipid content. The addition of rhamnolipids
in media with 3 g/l of C17 increased the lipid content
to almost 140 % rel. A similar result was obtained in
cultivations with 1 g/l of C17, where the lipid content
increased to 135 % rel.

Yarrowia lipolytica is capable of producing its own
biosurfactants®, thus being able to utilize the hydro-
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Fig. 1: Growth curves of Yarrowia lipolytica on YPD media without the addition of rhamnolipid (A) and with rhamnolipid (B)
and on TCM media without the addition of rhamnolipid (C) and with rhamnolipid (D) (1C15 = 1 g/L pentadecane, 3C15 = 1 g/L
pentadecane; 1C17 = 1 g/L heptadecane, 3C17 = 1 g/L heptadecane; R = addition of rhamnolipid)
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phobic substrate to such an extent that the addition of
another natural surfactant in the form of rhamnolipid
did not lead to an increase in biomass.

The addition of rhamnolipids increased the content
of odd-chained fatty acids (see Tab. | and II). The pen-
tadecenoic acid content was increased by 280 % rel.
when the yeast cells were cultivated in TCM medium
with 3 g/l of n-pentadecane and addition of rhamno-
lipid. The synthesis of heptadecanoic acid in mineral
media containing 3 g/l of n-heptadecane with rhamno-
lipid reached 12.4 % of the total amount of fatty acids.
Y. lipolytica grown in TCM medium with an addition of
rhamnolipids was proved to contain more than twice
less linoleic and oleic acids compared to cultivations
without rhamnolipid.

Cultivation in bioreactor

The pilot reactor cultivation of Yarrowia lipolytica
showed lower biomass yields compared to cultivations
in Erlenmeyer flasks. The reactor cultivation of Y. lypoly-
tica with 5 g/l of C15 resulted in almost the same per-
centual composition of fatty acids as in the cultivation
in Erlenmeyer flasks with 3 g/l of C15 (Tab. | and II).

Due to intensive aeration, significant foaming of the
media occurred and the carbon source, n-pentadeca-
ne, was partly removed from the reactor in the foam
which resulted in a deteriorated growth. The growth
of Yarrowia lipolytica was considerably weakened
after the addition of rhamnolipid to the culture me-
dium. Rhamnolipid reduced the dissolved oxygen con-

tent in the medium by up to 50 %. Therefore, the pro-
duction of fatty acids with an odd number of carbons
was reduced™. To increase the growth of biomass and
yield of fatty acids, it would be necessary to adjust the
cultivation parameters, especially the oxygen flow in
the reactor.

Conclusions

Yarrowia lipolytica seems to be a promising stra-
in for industrial use due to high ratios of nutritiona-
lly important FAs (over 85 % of oleic acid, palmitoleic
acid, linoleic acid of the total lipid content). This strain
did not react to the addition of rhamnolipids by an in-
creased amount of biomass since this strain is known
to produce its own biosurfactants. We proved that
the addition of rhamnolipids triggered increased pro-
duction of nutritionally important odd-chain fatty
acids. Thus, the application of rhamnolipids might
be a means to the modulation of the proportion of
odd- and even-numbered fatty acids. The production
of lipids in bioreactors still has a lot of technologi-
cal drawbacks and needs to be improved in order
to achieve the same results as in pilot cultivations in
Erlenmeyer flasks.
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Tab. I The proportion of unsaturated fatty acids in Yarrowia lipolytica cultivated on different alkanes (pentadecane
C15, heptadecane C17) in concentrations 1 g/l (1), 3 g/l (3) and 5 g/I (5) with or without the addition of rhamnoli-
pid (R); characteristic: rhamnolipid, concentration of alkane, type of alkane

Cultivation Substrate 22:';::: (%Lv/v )/(w) 15:1 (%) | 16:1 (%) | 17:1 (%) | 18:1 (%) | 18:2 (%)

YPD 1C15 22.8 0.2 13.2 0.2 55.6 17.6

YPD 3C15 21.9 0.2 1.9 0.2 54.7 17.9

YPD 1C17 21.6 0.3 12.7 0.1 54.9 17.8

YPD 3C17 20.1 0.4 13.5 0.3 54.5 17.3

YPD R1C15 25.6 0.2 12.9 0.2 55.6 16.8

YPD R3C15 24.8 0.3 13.7 0.1 56.8 15.2

YPD R1C17 24.1 0.0 14.1 0.3 53.1 17.3

YPD R3C17 23.3 0.1 14.0 0.2 56.4 14.8

Erlenmeyer TCM 1C15 13.4 04 15.7 0.1 56.1 15.8
flasks TCM 3C15 13.5 07 14.9 0.1 527 19.4
TCM 5C15 19.4 0.1 13.5 0.3 51.2 21.0

TCM 1C17 12.8 0.1 10.8 0.2 60.0 15.9

TCM 3C17 12.4 0.2 12.3 0.3 57.5 16.8

TCM 5C17 18.4 0.4 13.8 0.5 54.0 17.1

TCM R1C15 175 14.5 14.2 3.9 28.4 8.5

TCM R3C15 17.2 19.8 10.8 4.5 24.7 76

TCM R1C17 17.2 0.2 13.0 14.2 40.9 7.2

TCM R3C17 17.0 0.5 12.5 17.9 34.5 79

. TCM 5C15 75 0.7 14.9 0.1 52.7 19.4

Bioreactor
TCM R5C15 8.5 6.2 14.8 0.5 44.8 17.8
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Tab. Il The proportion of saturated fatty acids in Yarrowia lipolytica cultivated on different substrates (pentadecane
C15, heptadecane C17) in concentrations 1 g/ (1), 3 g/ (3) and 5 g/I (5) with or without the addition of rhamnoli-
pid (R); characteristic: rhamnolipid, concentration of alkane, type of alkane

— . e L/X
Cultivation Substrate Characteristic (% v/v /w) 15:0 (%) | 16:0 (%) | 17:0 (%) | 18:0 (%)
YPD 1C15 22.8 12.3 12.3 0.1 0.7
YPD 3C15 21.9 13.8 13.8 0.0 1.2
YPD 1C17 21.6 13.0 13.0 0.1 1.0
YPD 3C17 20.1 12.6 12.6 0.1 1.1
YPD R1C15 25.6 13.2 13.2 0.1 1.0
YPD R3C15 24.8 12.6 12.6 0.0 1.2
YPD R1C17 24.1 14.0 14.0 0.2 1.0
YPD R3C17 23.3 13.3 13.3 0.1 1.1
flasks TCM 3C15 13.5 0.4 10.8 0.1 0.9
TCM 5C15 19.4 0.1 12.0 0.1 1.7
M 1C17 12.8 0.0 12.1 0.1 0.8
TCM 3C17 12.4 0.1 n.7 0.1 1.0
TCM 5C17 18.4 0.2 12.4 0.3 1.3
TCM R1C15 175 1.3 14.2 4.1 0.9
TCM R3C15 17.2 15.6 n.7 4.6 0.7
TCM R1C17 17.2 0.4 12.9 10.4 0.8
M R3C17 17.0 0.5 13.7 12.4 0.1
. M 5C15 75 0.4 10.8 0.1 0.9
Bioreactor
TCM R5C15 8.5 3.8 1.6 0.3 0.2
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Summa

GharwaI:\Ya L., Zimola M., Rezanka T., Masak J., Kolouchova I.: Influencing fatty acid composition of yeasts by odd n-alkanes
The growth of microorganisms is influenced by cultivation conditions such as the type and concentration of carbon source. A large num-
ber of biotechnological studies are concerned with the possibility of increasing the production of biomass or lipids and examining the
possibilities of affecting the composition of fatty acids in the cells and membranes of the individual microorganisms. Another important
factor is to reduce the cost of cultivation by using cheap or waste substrates that are the source of usable carbon. One option is the
use of medium-long n-alkanes, which are the waste products of the petroleum industry in the production of diesel fuel. N-alkanes can
significantly affect the composition of microbial lipids, and in combination with the addition of natural biosurfactants, high utilization of
this carbon source can be achieved while producing sufficient biomass and interesting fatty acids.

Keywords: Yarrowia lipolytica; fatty acids; microbial lipids; n-alkanes; rhamnolipids
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Souhrn

Gharwalova L., Zimola M., Rezanka T., Masak J., Kolouchova I.: Vliv alkanii s lichym poctem uhliku na zastoupeni mastnych
kyselin kvasinek

Rist mikroorganism je ovlivnén kultivaénimi podminkami, napi. typem a koncentraci zdroje uhliku. Velké mnozstvi biotechnologickych
studii se zabyva moznosti zvy3eni produkce biomasy nebo napf. lipidi a zkouma moznosti ovlivnéni slozeni mastnych kyselin v buiikach
a membranach jednotlivych mikroorganismd. Dal$im ddlezitym faktorem je snizeni nakladd na kultivaci pomoci vyuZiti levnych nebo od-
padnich substratd, které jsou zdrojem vyuzitelného uhliku. Jednou z moznosti je vyuziti sttedné dlouhych n-alkand, které jsou odpadnim
produktem ropného primyslu pfi vyrobé motorové nafty. N-alkany mohou vyznamné ovliviiovat slozeni mikrobialnich lipidG a v kom-
binaci s pfidavkem pfirodnich biosurfaktantt Ize docilit vysokého vyufziti tohoto uhlikatého zdroje za sou¢asné produkce dostate¢ného

mnoizstvi biomasy a zajimavého slozeni mastnych kyselin.

Klicové slova: Yarrowia lipolytica; masné kyseliny; mikrobialni lipidy; n-alkany; rhamnolipidy
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Introduction

Biodegradation of VOCs produces heat and can lead
to a rise in temperature in a bioreactor treating waste
air. Rising temperature in the bioreactor leads to the
selection of thermophilic or thermotolerant strains or
the need of inoculation the reactor with such microor-
ganisms. In recent years considerable effort was expan-
ded to investigate a possibility of treating hot waste air
streams using thermophilic and thermotolerant strains.
The performance of conventional types and configura-
tions of bioreactors is currently being investigated
under thermophilic conditions' 2.

Successful removal of pollutants from waste air de-
pends on and therefore can be limited by, mass trans-
fer and biodegradation kinetics. Pollutant biodegradati-
on is an aerobic process, therefore mass transfer limita-
tion can be related either to oxygen or pollutants. Oxy-
gen mass transfer is characterized by volumetric mass
transfer coefficient (k.a) and oxygen solubility (C¥*).
Pollutant mass transfer is linked to Henry law constants,
pollutant solubility in liquid media and vapor pres-
sure. Based on these characteristics individual pollu-
tant can be categorized as mass-transfer-limited or
kinetic-limited with regard to biodegradation. Typically
mass transfer limited pollutants have poor pollutant
solubility (< 500 g:-m? at 25 °C and 1 atm), high dimen-
sionless Henry law constant (> 0.1 at 25 °C and 1 atm)
or high vapor pressure (> 5000 g-m? at 25 °C).> On the

other hand, pollutants with less mass transfer limita-
tions can be limited by biodegradation kinetics. In that
case, the limitation can be caused by pollutant accu-
mulation resulting in inhibitory or toxic concentrations,
preferential removal of more biodegradable pollutants
or biomass overgrowth?. The last issue is less signifi-
cant in case of using bubble column reactor, as
opposed to biofilter, a packed bed column, where it can
cause pressure drop**.

The VOC mixture composition was based on typical
moieties contained in compostation waste air. Indivi-
dual compounds (Tab. I) varied significantly in terms of
Henry law constants, water solubilities and biodegra-
dability.

Temperature affects physical-chemical parameters
and processes, e.g. solubility of oxygen and pollutants
and their mass transfer as well as fluid dynamics.
The elevated temperatures have conflicting influence of
the oxygen mass transfer. The oxygen solubility in wa-
ter drops with rising temperature and with it drops the
driving force behind the process. Conversely, the liquid
mass transfer coefficient k, rises, because of a decrease
in water viscosity leads to increase in diffusion coeffi-
cient’. The effect of temperature on the interfacial
area is not yet clear, some author reported an increase
in interfacial area with temperature®, while others re-
ported decrease®. Leonard et al. suggested that viscosi-
ty of the liquid plays an important role in the relation-
ship between interfacial area and temperature’.

Table I: Mass transfer relevant physical properties of used pollutants

Pollutant K, at 25 °C Vapor pressure at 25 °C Solubility in water at 25 °C
[mol-m-3-Pa’] [kPa] [g1]
acetone 2.66-102 30.6 miscible
DMS 4.74-10°3 53.7 22
Ethyl acetate 1.34-10* 12.43 64
propionic acid 4.45-107 0.44 1-103
Triethylamine 1.49-10* 7.61 88.6
o-pinene 1.07-10" 0.63 2.49-10°
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Materials and methods

Chemicals

During the operation of the reactor basic salt me-
dium (BSM) with following composition was used
as growth medium (gl"): K,HPO, 4.3; KH,PO,
3.4; NH,SO, 1.5; KNO; 0.5; MgCl, 0.3; ZnSO,.7H,0
6-10% MnSO,H,0 2:10%; CuSO,5H,0 2:105;
FeSO,.7H,0 3.2-10%; CaS0,.0.5H,0 3-10%; CoSO,.7H,0
2:10°; Na,B,0,.10H,0 2-10°. Acetone (< 99.5 %)
dimethyl sulfide (DMS) (< 99.0 %), propionic acid
(£ 99.5 %), ethyl acetate (< 99.5 %), triethylami-
ne (£ 99 %) and o- pinene (< 99.0 %) from Sigma-
-Aldrich were used as pollutants in the biofiltra-
tion system and as standards for GC-FID calibration.

Reactor setup

The reactor (Fig. 1) consisted of glass and me-
tal (stainless steel) parts with internal diameter of
11 cm. Total reactor height was 52 cm and working
volume of 2.5 1. Working temperature was 55 °C, and
the reactor was heated by coursing warm water from
the thermostat through hollow metal parts. A glass
frit with porosity 40 — 100 ym and diameter 6.5 cm
was used as a gas distributor. A dual syringe pump was
used for loading the pollutants to the inlet air stream
through a T-shaped glass tube filled with glass cotton
for efficient evaporation. Dissolved oxygen concentra-
tion was measured by polarographic sensor In Pro 6050
(Mettler Toledo) and pH was maintained at 7 + 0.5 by
automatic pH stat (Insa, Czech Rep.) using 0.5 NaOH
solution. Water evaporation was compensated by pro-
viding a periodic supply of water. Reactor performance
in terms of removal efficiency and elimination capacity
was evaluated by measuring pollutant concentration in
the inlet and outlet gas stream by GC-FID (6890N).

Inoculum composition and bioreactor inoculation

In the first step, a mixed thermophilic culture from
our Bioengineering lab Collection of microorganisms
(UCT Prague, Department of Biotechnology) underwent
a 10 days long enrichment cultivation phase in shake
flasks (250 ml) containing BSM medium and pollutant
mixture as the only energy and carbon source. Resul-
ting population was used as inoculum in the start-up
of the bubble column reactor.

Determination of oxygen volumetric mass transfer
coefficient

The volumetric mass transfer coefficient of oxy-
gen was determined by “gassing out” method using
polarographic sensor In Pro 6050 (Mettler Toledo).
Experiments were focused the effect of temperatu-
re (20 - 60 °C), air flow rate (5 — 10 I-min"') and me-
dia composition (distilled water, BSM, and cultivation
medium from the reactor without microbial cells).

Evaluation parameters
Elimination capacity (EC):

EC = (Cy - Cun) 1/ lg'm>"h"]

Organic load (OL):
OL =C,

gin

Qs

v [g-m=h7]

Empty bed retention time (EBRT):
EBRT = 3.6-103% Is]

Removal efficiency (RE):

RE = Cin=Cou E‘C"“f +100 [%]

Mass transfer rate (Jo,)

Jo, = %= ka-(C*-C) [mg-I's7]

J0, nox = ki@ -C* [mg-I's7]

Volumetric mass transfer coefficient

(ka):
kLa = _In(%—cl) [5—1]
where C;, and C,, are inlet and outlet
© pollutant concentration [g:m~], re-
spectively, V, is operating bioreactor
volume [m~3], Q is the air flow rate
0%0°0° 7150 9 [m=3-h7"]. C* and C, are oxygen solu-
I bility and dissolved oxygen concentra-
© tion (DOC) in media [mg"I"], respecti-
P P— 8 %‘ vely and t is time [s].
ooooooooo NaOH\ ’ H-0 )
— Results and discussion
| - T In contrast with conventional biofil-
© ter, bubble column reactor design
) 10 allows relatively simple measurement
of several key process parameters (k,a,

DOCQ), that help to elucidate and better

Fig. 1: Reactor setup: 1 - air inlet, 2 - regulation valve, 3 - flow meter, 4 - sy-
ringe pump, 5 — pollutant reservoir, 6 — sampling port, 7 - pH regulation, 8 - DO

measurement, 9 — pump, 10 — thermostat, 11 — air outlet

predict the biofiltration process. Dissol-
ved oxygen concentration was found
to be possible limiting step during me-
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sophilic biofiltration of acetone/styrene mixture, parti-
cularly during high ECs®. This and the fact, that oxygen
solubility decrease with temperature™ led us to investi-
gate oxygen mass transfer dependency on the tempe-
rature in bubble column reactor under desired air flow
rate. Moreover, the effect of media composition was
investigated.

The k,a values raised with temperature and air flow
rate in all tested media (Fig. 2) which correlates with
the data found in literature™ ™. Although the effect of
air flow rate was more pronounced at higher tempera-
tures. In distilled water, the k,a values were significantly
lower, than in salt-containing media (BSM, cultivation
medium without cells). The effect can be explained
by inorganic salts decreasing bubble coalescence and
therefore increasing interfacial area™. Organic com-
pounds (biomacromolecules and their fragments as
well as dissolved pollutants or accumulated interme-
diates) contained in cultivation medium did not have
a significant effect on the k a values. Besides inorganic
salts and organic compounds, the real cultivation me-
dia contain microbial cells and they can affect ka as
well since k,a can be affected by solid particles in me-
dia", but this effect was not investigated in this work.
The oxygen solubility was not affected significantly by
the media composition (results are not shown).

In the reactor used in this work and under experimen-
tal conditions, the rise in ka values with temperature
compensated for the decrease of oxygen solubility, so

that the maximum oxygen mass transfer rate remained
constant in cultivation media without cells (Table II).
The results for distilled water and BSM (not included
here) show the same trends. Therefore, based on this
observation, the biofiltration process should not be li-
mited by oxygen under thermophilic conditions more,
than under mesophilic conditions, given the same OL.

The reactor was loaded with relatively diverse
(Table 1) hydrophobic/hydrophilic pollutant mixture
with OL ranging from 61.5 gm>-h"' to 292.6 gm3h"'.
Such pollutant mixtures are, according to literature,
quite difficult to degrade completely, especially in
asingle reactor or at high OL™ . In our case, the majority
of pollutants contained in the waste air stream was
not degraded (Fig. 3), this clearly was not caused by
dissolved oxygen limitation as was suggested by ka
results. Also, the dissolved oxygen concentration was
measured continually during degradation experiments
and was 3.3, 4.1 and 4.3 mg!" for air flow rates 2.5,
5 and 10 L.min’, respectively. The incomplete removal
of the pollutants must have been caused by some other
effect, most likely either by mass transfer limitation,
biodegradation kinetics limitation, substrate competi-
tion, or absence of suitable degrading microorganism?.

Despite overall low removal efficiency, two of the
compounds (ethyl acetate and propionic acid) were
removed almost completely from the waste air stream
for all air flow rates (Fig. 4). Although at air flow rate
10 -min‘, a slight decrease of RE was observed, which
was more pronounced for ethyl

1333393333333 3 033339933 33333333354

(2,

40 50
Temperature [°C]

AN

20

Water 5 |-mint BSM 5 |-min

Water 10 I'min! BSM 10 I'mint

Bl Medium 5 -mint

Medium 10 I-mint

acetate. This decrease is likely
connected with mass transfer li-
. mitation at high air flow rate (low
3 EBRT = 15 ), see the difference in
K,, for ethyl acetate and propionic
acid (Table 1).

It is the other four pollutants
(acetone, DMS, triethylamine, and
a-pinene), whose biodegrada-
tion was hindered rather severely.
In case of triethylamine and DMS,
it is likely, that their removal was
limited by biodegradation kinetics,
this assumption is based on simi-
larity of their Henry law constants
with ethyl acetate (Table I), which
was degraded. Moreover success-
ful DMS removal requires specific

A Y

A1

7
60

Fig. 2: Effect of temperature, air flow rate and media composition (distilled water,
BSM, and cultivation medium without cells) on k a values in bubble column reactor

microbial degraders, which might
not have been present in the mixed

Table 1I: Comparison of maximal oxygen mass transfer rate with varying temperature and air flow rate in cultivation

media without cells

T[°C] 20 30 40 50 60

k.a (5 Imin™) [s7] 0.037 0.045 0.053 0.063 0.066

k.a (10 IFmin) [s7] 0.038 0.046 0.055 0.065 0.071

C* [mg:I] 9.2 75 6.1 5.4 4.5

J0, oy (5 I'min") [mg-'-s7] 0.34 0.34 0.33 0.34 0.29

J0, 1oy (10 I'min™) [mg:l'-s7] 0.35 0.35 0.33 0.35 0.32
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we cannot determine the cause for low
RE of a-pinene with certainty, but conside-
ring, that in our case the biodegradation
took place in BCR, which is more suitable
for treatment of hydrophilic compounds,
we can say, that mass transfer limitation
likely played some part.

These inhibitive effects became more
pronounced at higher OLs. In another
study™, biofiltration of pollutant mix-
ture with similar properties (acetone,

[ acetone

2.5 5 10
Air flow [I-min]

methanol, butanone, toluene, o-pi-
nene, and naphthalene) was conduc-
ted in a combined reactor consisting
from bubble column reactor and biofil-
ter, although under mesophilic condi-
tions, with OL ranging from 0.9 g:-m-h"

Fig. 3: Reactor performance in terms of elimination capacity for an inlet
concentration of 1100 mg-m~ and at three different air flow rates.

to 58.2g:m>h’'. At the initial OL
(0.9 gm3h")) the RE of all the com-
pounds except for a-pinene (84 %) was
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close to 100 %, but when the OL was
raised to the final value (58.2 gzm3h"),
only methanol was degraded complete-
ly in the bubble column reactor. These
findings correlate with our results, con-
sidering, that OL used in our study was

even higher.
o2stmn’ [ Conclusion
E 1‘:’) II.-:lli:’l Our data show that the reactor was

able to remove propionic acid and ethyl
acetate from the air stream almost com-
pletely, regardless of current operatio-
nal conditions (air flow, inlet pollutant
concentration). The removal efficiency
of the other compounds was limited
and typically ranged from 5 to 20 %
during experiments. This limitation was

Fig. 4: Removal efficiency of individual pollutants for three different air flow

rates at constant inlet concentration of 1100 mg-m=.

culture, or their growth might have been suppressed by
faster growing propionic acid and ethyl acetate degra-
ding bacteria. A similar claim can be made about ace-
tone. While its Henry constant is rather high, it is hyd-
rophilic compound and miscible with water, so we can
assume, that acetone was available in liquid media for
biodegradation. Therefore it must have been limited by
biodegradation kinetics. Literature shows, that biode-
gradation of a-pinene can be limited by simultaneous
degradation of hydrophilic compound (methanol)® in
compost and wood chips packed biofilter, which is more
suited (from mass transfer point of view) for removal
of hydrophobic compounds. Based on our results,
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Summary

Chalupa J., Halecky M.: Thermophilic biofiltration of complex VOC mixture in bubble column reactor

Although thermophilic biofiltration is thought to have potential technological advantages over the mesophilic process for hot waste air
treatment, little has been reported on the thermophilic biofiltration of complex hydrophilic/hydrophobic VOC mixtures using a bubble
column reactor. Therefore, we investigated the biodegradation of a complex VOC mixture in a reactor inoculated with a mixed thermo-
philic culture at 55 °C. The mixture, based on the compostation waste air composition, contained acetone, dimethyl sulfide (DMS), ethyl
acetate, propionic acid, triethylamine, and a-pinene. Initial experiments focused on the effect of elevated temperature and air flow rate
on the oxygen mass transfer from polluted air to liquid media. While the oxygen solubility in the media decreased with rising temperatu-
re, volumetric mass transfer coefficient increased. Within the range of tested air flow rates, the overall oxygen mass transfer rate was not
affected by the temperature change. Subsequently, the reactor was inoculated with mixed thermophilic culture, after successful start-up
period the organic load of the pollutant mixture ranged from 61.5 to 292.3 g-m-h"'. During reactor operation, only propionic acid and
ethyl acetate were degraded completely, but the degradation of the other components was limited. We show that this limitation was not
related to the dissolved oxygen concentration. Our results suggest that a thermophilic bubble column reactor has some potential for use
in the treatment of waste air with this composition.

Keywords: Thermophilic biofiltration, VOC mixture, Bubble column reactor, Mass transfer

Souhrn

Chalupa J., Halecky M.: Termofilni biofiltrace komplexni smési VOC v probublavaném reaktoru

Ackoli termofilni biofiltrace méa potenciélni technologické vyhody oproti mesofilnimu procesu pro ¢isténi horkych odpadnich plynd, rela-
tivné malo publikaci bylo zaméfeno na termofilni biofiltraci komplexnich smési hydrofilnich/hydrofobnich polutantt v probubldvaném
reaktoru. Z toho dvodu jsme se zaméfili na biofiltraci komplexni smési VOC v reaktoru inokulovaném smésnou termofilni kulturou pfi
55 °C. Smés polutantd, zalozena na slozeni odpadnich plynd z kompostovani, obsahovala aceton, dimetyl sulfid, etylacetat, propionovou
kyselinu, trietylamin a a-pinen. Pocéatecni experimenty byly zaméteny na vliv teploty a prdtoku plynu na prestup kysliku ze znecisténého
vzduchu do kapalného média. Zatimco rozpustnost kysliku v médiu klesala a objemovy koeficient piestupu hmoty vzrastal, celkovy tok
kysliku do média nebyl v rozmezi studovanych podminek zvy3enim teploty ovlivnén. Nasledné byl reaktor inokulovan smésnou termofil-
ni kulturou. Po Uispésné startovni periodé se organicka zatéz v pribéhu experimentd pohybovala v rozmezi 61,5-292,3 g:-m=-h"'. Béhem
provozu reaktoru byly kompletné degradovany pouze kyselina propionova a etylacetat. Degradace ostatnich polutantd probihala pouze
omezené, nicméné bylo zjisténo, Ze tato omezena degradace nesouvisela s limitaci kyslikem.Nase vysledky naznacuji, ze vyuZiti termofil-
niho probublavaného reaktoru ma jisty potencial pro Cisténi odpadniho plynu tohoto slozeni.

Klicova slova: Termofilni biofiltrace, Smés VOC, Probublavany reaktor, Pfestup hmoty

NON-THERMAL PLASMA IN COMBINATION
WITH ANTIBIOTICS INTERFERING WITH Pseudomonas
aeruginosa QUORUM SENSING SYSTEM

Martina Paldrychova’, Vladimir Scholtz?, Eva Vankova', Jan Masak’
'Department of Biotechnology, UCT Prague, 2Department of Physics and Measurements, UCT Prague;
paldrycm@vscht.cz

(e.g. quorum sensing inhibitors)®. Quorum sensing
inhibitors are substances that interfere with the cell
to cell communication in a certain way, consequent-
ly, their application leads to the suppression of viru-
lence, which is manifested, e.g. as the reduced ability
of microorganisms to form biofilm>. P aeruginosa
biofilms are easily eradicated by antibiotic tobramycin
when they are pre-treated with quorum sensing inhi-
bitors such as garlic extract, patulin or penicillic acid®.
Cell to cell communicat on of P aeruginosa, which is

Introduction

Biofilm-growing bacterial cells might develop an
antibiotics-resistant phenotype and express properties
different from their planktonic counterparts. The biofilm
architecture and structure of exopolysaccharides in the
matrix could support this resistance’. Strains of Pseu-
domonas aeruginosa also have other defense mecha-
nisms, such as a lowly permeable outer membrane,
expression of membrane efflux pumps or the indu-

cible B-lactamase?>. Therefore, the therapeutic options
are very limited. The development of new antibiotics
may not be able to effectively combat this resistance.
Antibiotic resistance may better be solved by innova-
tive combinations of biologically inspired molecules

mainly mediated by N-acyl-homoserine lactones (AHL),
can also be disrupted by non-thermal plasma (NTP)
treatment. UPLC-MS analysis confirmed the degrada-
tion of AHL molecules and their conversion into inac-
tive intermediates by NTP conducted using the plasma
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source operating with the flow of a mixture of helium
and oxygen’. (NTP is defined as partially ionized gas
composed of active particles, e.g. photons, electrons,
ions, free radicals or molecules®). Matthers et al.
demonstrated that NTP treatment of P aeruginosa
biofilms was at least as effective as the treatment with
chlorhexidine or even better depending on the bac-
terial strain and the exposure time®. The potential of
NTP to reduce the virulence of P aeruginosa was also
described by Ziuzana et al. study™. Using a combinato-
ry strategy — NTP together with antibiotics treatment,
better anti-virulence effects are expected.

The aim of our study was to evaluate the ability of
NTP generated by cometary corona with a metallic
grid to interfere with the (AHL)-dependent QS system
of three P aeruginosa strains (ATCC 10145, DBM 3777
and ATCC 15442). Agrobacterium tumefaciens NTL4
(pZLR4) biosensor was applied to detect AHL signals
in P aeruginosa spent culture supernatants, after the
NTP treatment. Subsequent biofilm formation was eva-
luated by crystal violet staining. Our second aim was
to determine the mutual combination of NTP with po-
lymyxin B to enhance their anti-biofilm effect. The inhi-
bitory effects of mutual combinations on P aeruginosa
QS system and its biofilm formation were investigated
by the same methods.

Material and methods

Bacteria strains and culture condition

Strains of P. aeruginosa ATCC 10145, ATCC 15442 and
biosensor strain Agrobacterium tumefaciens (Rhizo-
bium radiobacter) NTL4 (pZLR4) ATCC BAA - 2240
were obtained from the American Type Culture Collec-
tion. Pseudomonas aeruginosa strain DBM 3777 was
kindly provided by Department of Biochemistry and
Microbiology UCT Prague. Biosensor strain was grown
in AB minimal medium (before use 100 pl of 20%
w/v sterile glucose solution per 100 ml and 5 mg/I
of gentamicin were added to the AB medium) at 30 °C
with shaking. Stock cultures were stored at —70°C
in 50% glycerol solution. P. aeruginosa (strains ATCC
10145 and ATCC 15442) were grown in Luria-Bertani
(LB) liquid medium at 37 °C, P. aeruginosa DBM 3777
at 30 °C with shaking.

Polymyxin B solution and composition of lysis buffer

Polymyxin B solution (1g/l) was purchased from
Sigma-Aldrich and was diluted by sterile LB medium
before use. Lysis buffer for the release of the enzy-
me from the biosensor cells is composed of 4.351 g/I
MgCl2.6H20, 200 mg/| cetyltrimethylammonium bro-
mide and 800 mg/l NaN; (all components were dissol-
ved in sterile phosphate-buffered saline, pH 7.4).

Biofilm cultivation on carries made from titanium alloy
(Ti6-Al4-V) and treatment with mutual combinations
of NTP and polymyxin B

For the P aeruginosa biofilm cultivation (24 h),
we used carriers made from titanium alloy (Ti6-Al4-V).
After the removal of non-adherent cells, biofilm-growing
cells on carriers were exposed to NTP treatment gene-
rated by cometary corona with a metallic grid for 30
minutes and then cultivated in fresh LB media with or

without different concentrations of polymyxin B for 24 h.
P. aeruginosa spent culture supernatants were collec-
ted after this treatment and stored at — 20 °C for a bio-
sensor assay. To quantify the total biofilm biomass,
formed on the surface of a titanium alloy (Ti6-Al4-V),
crystal violet (CV) staining was applied.

Biosensor assay

We used Agrobacterium tumefaciens NTL4 (pZLR4)
biosensor for determination of AHLs levels in the su-
pernatants derived from the suspension formed in the
surroundings of P aeruginosa biofilm during the culti-
vation. A. tumefaciens NTL4 (pZLR4) doesn't produce
its own AHLs but contains an inserted plasmid that
is responsible for the express on of B-galactosidase
in the presence of exogenous AHLs. This intracellular
enzyme has to be, after 16 h cultivation, released from
the cells by addition of lysis buffer, to cleave added
X-Gal to a blue product. The amount of blue product
formed according to the amount of AHLs present in
the supernatants can be measured spectrophotomet-
rically by a microtiter plate reader. The great advan-
tage of this biosensor is its high sensitivity to a wide
range of AHLs and only very small sample volumes
which are required for this analysis" 2. After cultiva-
tion 50 pl aliquots of standard biosensor suspension
(OD,40 nm = 0.50  0.02) in AB medium in presence of
P. aeruginosa spent culture supernatants in polysty-
rene 96-well microtiter plate for 16 — 18 h, 50 pl of lysis
buffer was added into each well. X-Gal (5 mg dissolved
in 1 ml of DMSO mixed with 4 ml of lysis buffer) solu-
tion (50 pl) was added into each well after shaking
for 90 minutes. After 60 minutes from the start of the
reaction, absorbance (660 nm) was measured.

Crystal violet staining

A simple method for the detection biofilm bio-
mass formed on carriers made from titanium alloy
(Ti6-Al4-V) is the staining with crystal violet (CV) dye
which was applied for this purpose. CV is a dye, which
binds to negatively charged surface molecules and
polysaccharides in the extracellular matrix™. To all
carriers, crystal violet (2ml of 0.1% solution) was
added. Carriers were, after 20 minutes of incubation
at room temperature, washed three times again with
sterile phosphate-buffered saline to remove unbound
dye. CV was then solubilized in 96 % ethanol (2 ml),
and after 10 minutes the absorbance was determined
at 580 nm.

Results and discussion

The emergence of multiple-antibiotic-resistant gram-
-negative bacteria, frequently susceptible only to the
polymyxins, caused a renewed interest in these anti-
biotics'. However, polymyxins are capable of inducing
the putative LPS modification operon, thus increa-
sing the resistance of Pseudomonas to these agents
too™. Their use is also limited by nephrotoxicity'. The
possibilities to improve the effect of these antibiotics
are constantly being investigated. From a clinical per-
spective, regulation of virulence through QS-dependent
mechanism provides a strategy to make pathogenic
microorganisms less resistant to the host immune
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system and more susceptible to antibiotics”®. In this
study, we evaluated the ability of NTP to interfere with
the (AHL)-dependent QS system of P aeruginosa by
biosensor assay. A corresponding decrease in AHL
production by P. aeruginosa (ATCC 10145, DBM 3777
and ATCC 15442) and total biofilm biomass were
observed after NTP exposure for 30 minutes compared
to control (Tab. I).

Mutual combination of NTP (30 minutes) and
polymyxin B (8.5 mg/l) was more effective (by 25 %)
in P aeruginosa ATCC 10145 QS attenuation than
the use of polymyxin (8.5 mg/l) alone (Fig. 1).

However, we did not notice any significant decre-
ase in total biofilm biomass after application of this
combination (data not shown). To obtain greater inhi-
bitory effect on the biofilm formation, longer exposure
time would probably have to be used. Using NTP alone

P. aeruginosa ATCC 10145
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control 8.5 mg/l 30 min + 8.5 mg/l
anti-biofilm agents (polymyxin B+NTP)

Fig. 1: Additive effect of anti-biofilm agent polymyxin B
(8.5 mg/I), and the mutual combination of NTP (30 minutes)
and polymyxin B (8.5 mg/I) on P. aeruginosa ATCC 10145 AHL
levels expressed as B-galactosidase activity (660 nm).
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P. aeruginosa DBM 3777

15 mg/l 30 min + 15 mg/I

absorbance (660 nm)

control

anti-biofilm agents (polymyxin B+NTP)

Fig. 2: Additive effect of anti-biofilm agent polymyxin B
(15 mg/l), and the mutual combination of NTP (30 minutes)
and polymyxin B (15 mg/l) on P. aeruginosa DBM 3777 AHL
levels expressed as B-galactosidase activity (660 nm).

L P. aeruginosa ATCC 15442
0,8 A

OI.-

0,4 -
0,2 1
control 7.5 mg/l 30 min + 7.5 mg/l

absorbance (660 nm)

anti-biofilm agents (polymyxin B+NTP)

Fig. 3: Additive effect of anti-biofilm agent polymyxin B
(7.5 mg/l), and the mutual combination of NTP (30 minutes)
and polymyxin B (7.5 mg/l) on P. aeruginosa ATCC 15442 AHL
levels expressed as B-galactosidase activity (660 nm).

(for 30 minutes) reduced the amount of AHL insignifi-
cantly (Tab. I).

Additive effects of NTP (30 min) and polymyxin were
also observed in P. aeruginosa DBM 3777 and ATCC
15442 (Fig. 2 and 3).

Total biofilm biomass was decreased in P aerugi-
nosa DBM 3777 and ATCC 15442 by a combination of
NTP (30 min) and polymyxin (15 mg/l or 7.5 mg/l) by
more than 30 % compared to the use of polymyxin B
in these concentrations alone (data not shown). Loss
of AHL-dependent signaling in P. aeruginosa strains
after NTP application enhances the anti-biofilm effect
of polymyxin B. In the future, this approach could help
us to reduce polymyxin dosing and this antibiotic that
is problematic to use could be applied for treatment
of infections more widely.

Conclusions

Diseases caused by P. aeruginosa are connected with
the expression of several virulence factors'”. We pro-
ved that NTP significantly affected (AHL)-QS systems,
which control the biofilm formation of P aeruginosa
strains used in this study. The mutual combination of
NTP with polymyxin B is more effective than the use
of these anti-biofilm agents alone. The use of effecti-
ve combination therapies is necessary to eradicate
biofilm-growing bacteria. Alternative therapeutic stra-
tegies, such as quorum-sensing inhibitors or “biofilm
disruptors” should help to fight biofilm-related infe-
ctions in combination with antibiotics.
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Tab. I: Change in the AHLs levels in P. aeruginosa (ATCC 10145, DBM 3777, ATCC 15442), expressed as the reduced
production of B-galactosidase by the biosensor and inhibition of total biofilm biomass (stained with CV) after NTP

treatment (30 min.) compared to control (100 %)

inhibition of total biofilm

i 0,
strains AHL level decrease (%) biomass (%)
P. aeruginosa ATCC 10145 8.79 £ 4.72 56.79 £ 4.30
P. aeruginosa DBM 3777 12.65 + 4.66 38.47 £ 9.46
P. aeruginosa ATCC 15442 23.53 + 7.62 61.42 + 6.63
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Summa

Paldrych:zé M., Scholtz V., Kvasnickova E., Masak J.: Non-thermal plasma in combination with antibiotics interfering with
Pseudomonas aeruginosa quorum sensing system

During the infection process, human opportunistic pathogen Pseudomonas aeruginosa uses quorum sensing system (QS) to coordinate
the behavior of the whole microbial population. QS is mainly mediated by N-acyl-homoserine lactones (AHLs). Subsequent detection of
these signal molecules by cells causes changes in virulence factors expression such as biofilm formation. Because biofilm formation plays
an important role in nosocomial infection and antibiotic resistance, tools which are able to interfere with QS are required.

In the current study, we evaluated the ability of non-thermal plasma (NTP) to interfere with the QS system of P. aeruginosa. Our second
aim was to determine the mutual combination of antibiotics to support their anti-biofilm effect. We applied Agrobacterium tumefaciens
NTL4 (pZLR4) biosensor to detect signal molecules, from spent bacterial culture supernatants, after the treatment. A. tumefaciens NTL4
(PZLR4) does not produce its own AHLs, but the reporter gene is induced when exogenous signal molecules are present. Induction of
reporter gene leads to the production of B-galactosidase, which can be measured spectrophotometrically by X-Gal usage. This method
demonstrated that combined treatment with NTP and polymyxin has an additive effect in P aeruginosa QS attenuation and associated
biofilm formation. Mutual combination of polymyxin (7.5 mg/I) with NTP (30 minutes) was by 30 % more effective in P aeruginosa ATCC
15442 QS attenuation than the use of polymyxin (7.5 mg/I) alone.

Keywords: Pseudomonas aeruginosa, quorum sensing, N-acyl-homoserine lactone, non-thermal plasma, combinatorial strategies

Souhrn

Paldrychova M., Scholtz V., Kvasnickova E., Masak J.: Netermalni plazma v kombinaci s antibiotiky interferuje s quorum
sensing systémem Pseudomonas aeruginosa

Béhem infekéniho procesu vyuZiva lidsky oportunni patogen Pseudomonas aeruginosa systémy quorum sensing (QS) ke koordinaci
chovaéni celé mikrobidlni populace. Systém QS je zpravidla zprostfedkovan N-acyl-homoserinovymi laktony (AHLs). Néasledna detekce
téchto signalnich molekul burikami zplisobuje zmény v expresi gentd kéduijicich faktory virulence, jako je napfi. tvorba biofilmu. Tvorba
biofilmu hraje dilezitou roli béhem vzniku nosokomiélnich infekci a pfi rezistenci bakterii vii¢i antibiotik(im, proto je nutné vyvijet takové
postupy a nastroje, které umozni interferenci s QS sytémy.

Tato prace se zabyva schopnosti netermalniho plazmatu (NTP) zasahovat do QS systému P. aeruginosa. Druhym cilem bylo stanoveni
takové koncentrace antibiotika, kterd podpofi jejich spole¢ny anti-biofilmovy Gcinek. K detekci signalnich molekul v supernatantech
bakterii, po aplikaci NTP, byl pouzit biosenzor Agrobacterium tumefaciens NTL4 (pZLR4). A. tumefaciens NTL4 (pZLR4) neprodukuje
vlastni AHL, ale v pfitomnosti exogennich signalnich molekul u néj dochazi k indukci exprese reportérového genu (kédujictho enzym
B-galaktosidasu). Produkce B-galaktosidasy mizZe byt méfena spektrofotometricky za poufZiti X-Gal. Pomoci této metody jsme prokazali,
7e kombinace NTP a polymyxinu vykazuje aditivni Gcinek pfi QS atenuaci a eradikaci vzniklého biofilmu. Vzdjemna kombinace polymy-
xinu (7,5 mg/l) a NTP (30 minut) byla o 30 % Gc¢innéjsi béhem atenuace QS systému bakterie P aeruginosa ATCC 15442 neZ pouZiti
samotného polymyxinu (7,5 mg/).

Klicova slova: Pseudomonas aeruginosa, quorum sensing, N-acyl-homoserinovy lakton, netermalni plazma, kombinatorické strategie

ANTIMIKROBIALNI PEPTIDY: NADEJNA ZBRAN V BOJI
PROTI ANTIBIOTICKE REZISTENCI
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Uvod

Celosvétové rostouci vyskyt rezistence patogennich
mikroorganism k béiné pouzivanym antibiotik(im
a chemoterapeutikiim vyzaduje stale naléhavéji vy-

roké spektrum G¢inku zahrnujici Gram-pozitivni, Gram-
-negativni baktérie i patogenni houby vcetné multi-
-resistentnich kmend, stejné jako obalené viry, prvoky,
parazity a rakovinné buriky?>.

zkum a vyvoj novych latek s antimikrobidlnimi Gcinky.
Jednou z intenzivné studovanych skupin latek jsou pra-
vé antimikrobialnimi peptidy (AMP). AMP vykazuji Si-

Prvnimi studovanymi AMP byla patrné skupina cecro-
pinll izolovanych z hemolymfy kukel hedvabné mary
Hyalophora cecropia poc¢atkem 80. let 20. stoleti &.
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Od té doby byly AMP popsany téméf ve viech for-
mach Zivota od prokaryot pres rostliny a Zivocichy az
k ¢lovéku?®2. Z jejich hojného vyskytu a funkénich po-
dobnosti napfi¢ Sirokym spektrem organism( lze usu-
zovat, Ze jde o velice starou, evolu¢né zachovalou, sloz-
ku imunitniho systému®.

Jejich pfesny mechanismus G¢inku neni dosud znam.
Nicméné dosud navrzené molekularni modely nazna-
Cuji, ze plsobi zplsobem do takové miry jedine¢nym,
ze by v [é¢bé mikrobialnich infekci mohly jednou nahra-
dit soucasna léciva, kterd jiz v mnoha pfipadech svou
Gcinnost ztratila nebo alespon rozsifit jejich repertoar.

Struktura a fyzikalné chemické vlastnosti
AMP

Kategorizace AMP byly z pocatku velice rtiznorodé
a nejednotné, jako tfeba déleni na zakladé jejich pa-
vodu, nebo déleni na linedrni a cyklické peptidy. Na-
konec se ustélilo déleni AMP podle jejich sekundarni
struktury, a to do 3 zakladnich skupin (Obr. 1)™: 1) li-
nearni a-helikalni peptidy; 2) cyklické peptidy obsahu-
jici B-struktury a intramolekularni disulfidové mustky
a 3) peptidy s neuspofadanou sekundarni struktu-
rou a vyss$im obsahem jedné nebo vice aminokyselin,
napf. Arg, Gly, His, Pro nebo Trp.

Obr. 1: Déleni AMP podle sktruktury do t¥i zakladnich
skupin. A - linearni o-helikalni peptidy, zde lidsky kathelici-
din LL-37 [Protein Data Bank (PDB) ID: 2K60]'; B - cyklic-
ké peptidy obsahujici motiv B-skladaného listu a disulfidové
mustky, zde lidsky beta defensin HBD-1 (PDB ID: 1KJ5)%;
C - neuspofadané peptidy, zde indolicidin bohaty na Trp
(PDB ID: 1QXQ)%.

Prvni skupina, ktera je zéroven nejvétsi a nejprostu-
dovanéjsi, zahrnuje peptidy, které za urcitych podmi-
nek vytvéieji v prostoru amfipaticky o-helix nezbytny
pro jejich antimikrobialni G¢inek. Mnohé z nich jsou
na C-koncovém karboxylu amidované. Mezi typické za-
stupce patii napf. vy3e zminéné cecropiny’, magainin
z kdze zaby drapatky Xenopus laevis”, lidsky kathelici-
din LL-37 produkovany neutrofily (Obr. 1 A)*®, nebo né-
které AMP izolované z jedu hmyzu fadu blanokfidlych
(Hymenoptera)'®-22,

Do druhé skupiny patfi AMP s vice cysteiny, které tvo-
fi intramolekularni disulfidové mustky. Jejich molekuly
maji ve své sekundarni struktufe vyrazné stabilni f-mo-
tivy, ale mohou obsahovat i o-helikélni Gseky. To vse
je navzajem propojené ohyby a smyckami jako dalSimi
strukturnimi elementy. Nejvyznamnéjsimi zastupci této
skupiny jsou defensiny.

Jak néazev napovida, defensiny jsou hlavnimi AMP
imunitniho systému eukaryotnich organismd vcetné
¢lovéka. Jde o peptidy obsahujici motivy B-listu stabili-
zované tiemi a vice disulfidovymi vazbami. Na zakladé
rizného rozlozeni téchto mustkd rozliSujeme pét typa
defensinG. o-, B- a 6-defensiny produkuji obratlovci,
zbyvajici dva typy hmyz a rostliny. a-defensiny obsahu-
ji 29-35 aminokyselin a u lidi jsou produkovany neut-
rofily (Human Neutrophile Peptides, HNP-1 — HNP-4)
a Panethovymi burikami tenkého stfeva (Human De-
fensine, HD5 a 6)'. B-defensiny jsou delsi, byly nale-
zeny v hovézich neutrofilech a lidskych epitelilnich
burikach (Human Beta Defensines, HBD1 — HBD4)
(Obr. 1B)%. 6-defensiny, specifické svou cyklickou
strukturou vzniklou propojenim N- a C-konce peptido-
vého fetézce jednim z disulfidovych mustka, jsou zatim
znamy jen tfi pochazejici z opic?. Sav¢i defensiny obec-
né vykazuji Siroké spektrum antimikrobialnich G¢inkd
zahrnujici Gram-pozitivni i Gram-negativni baktérie,
patogenni houby i nékteré obalené viry. Byly u nich po-
psany také chemotaktické ucinky a schopnost ovlivnéni
zanétu pomoci regulace produkce cytokinti a adheziv-
nich molekul®. Ve vyssich koncentracich pak byla také
pozorovana jejich cytotoxicka aktivita?.

Hmyzi defensiny jsou pfevainé aktivni vac¢i Gram-
-positivnim baktériim a patogennim houbam a ve svych
molekulach ¢asto maji vedle B-struktur také o-helikalni
useky™. Pfikladem je tfeba lucifensin, hmyzi defensin
objeveny v hemolymfé a slinach larev Lucilia sericata
vyuzivanych k tzv. larvalni terapii?¢. Také rostlinné de-
fensiny obsahuji kombinaci o- i - motivd a pro vysoky
obsah cysteinovych zbytkd (tvofi az 4 disulfidové mUst-
ky) jsou nékdy nazyvany thioniny?.

Zastupci skupiny AMP bohatych na jednu aminokyse-
linu jsou ¢asto bez definované sekundarni struktury. Pa-
tfi mezi né napi. indolicidin, peptid s vysokym obsahem
tryptofanu izolovany z hovézich neutrofilt (Obr. 1C)?"28
nebo antifungédlné pusobici histatiny nachézejici se
v lidskych slinach a bohaté na aminokyselinu histidin?°.

VySe uvedené déleni neni zcela definitivni, néktefi au-
tofi se pfiklangji i k jinym zpisobtm déleni. Napi. Cé-
zard a kol. (2011) ve svém piehledu uvadi ¢tyfi skupiny:
o-helikalni peptidy, peptidy obsahujici B-motiv stabili-
zovany jednim nebo vice disulfidovymi mstky, peptidy
bohaté na prolin a arginin tvofici smycky a linearni ne-
usporadané peptidy s vy3sim obsahem jedné nebo vice
aminokyselin?:.

AMP nejcastéji obsahuji 10 — 50 aminokyselin. Jako
u vétsiny biologicky aktivnich molekul se uc¢inek AMP
pfimo odviji od jejich struktury. AMP primarné plsobi na
povrchu bunék patogent, konkrétné na membranach,
jejichz zakladem je dvojvrstva tvofend amfipatickymi fos-
ti, které pfimo ovliviiuji biologické tGcinky AMP, patii cel-
kovy naboj, hydrofobicita a amfipaticita jejich molekul.
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Celkovy naboj je dan typem a zastoupenim polarnich
nabitych aminokyselin (Arg, Lys, His, Asp a Glu) v pri-
marni sekvenci peptidu. Podle celkového naboje muze-
me AMP délit na kationické a anionické, kdy pouze ka-
tionické AMP maji prakticky vyznamnou antimikrobidlni
aktivitu. To je dano tim, Ze v prvni kroku jejich ptsobeni
hraje vyznamnou roli elektrostaticka interakce kladné
nabité molekuly peptidu se zdporné nabitym povrchem
bakterialnich bunék (viz dale).

Celkovou (stiedni) hydrofobicitu (H) urcuje pomér
hydrofilnich a hydrofobnich aminokyselin v fetézci
a jeji hodnota urcuje, zda a do jaké miry bude AMP
v kontaktu s vnitini lipofilni ¢asti buné¢né membrany.
Z toho vyplyva, ze hydrofobicita AMP nema vliv pouze
na jejich antimikrobialni aktivitu, ale téZ ovliviuje jejich
toxicitu vici eukaryotnim bunkam# 12131630,

Existuje také vektorova veli¢ina zvand hydrofobni
moment (Y,). Ta urcuje vzajemné prostorové rozlozeni
hydrofilnich a hydrofobnich postrannich fetézcl jed-
notlivych aminokyselin v sekvenci, a tudiz je zavisla na
sekundarni struktufe daného peptidu®. Lze tedy fict,
ze hydrofobni moment (p,,) vystihuje miru amfipaticity
molekuly AMP. Amfipaticka molekula ma takovou kon-
formaci, kde je mozno jasné rozlisit oddélené hydrofob-
ni a hydrofilni (polarni) oblasti. Amfipaticitu mizeme
pozorovat na rGznych drovnich. U primarni amfipaticity
jde o stfidani segmentl polypeptidového fetézce tvo-
fenych nepolarnimi aminokyselinami s tseky obsahu-
jici polarni aminokyseliny*. Sekundarni amfipaticita se
v pfipadé a-helikalnich peptidl projevuje uspofadanim
postranni fetézct hydrofobnich aminokyselin na jednu
a hydrofilnich aminokyselin na opa¢nou stranu podél
dlouhé osy o-helixu (Obr. 2 A). Jiny druh sekundarni
amfipaticity maji nékteré cyklické AMP, u kterych diky
propojeni disulfidovymi mistky dochazi k pfiblizeni ji-
nak vzdalenych kationickych aminokyselin. Vysledkem
je vytvofeni lokalizovanych oblasti s pozitivnim nabo-
jem na povrchu molekuly, jako napf. u molekuly la-
siocepsinu®. Amfipaticitu na tercialni Urovni mizeme
pozorovat u nékterych defensin(i obsahujicich g-motiv,

které se shlukuji do oligomert a vytvaii tak segregova-
né hydrofobni a hydrofilni povrchy (Obr. 2 B)*™32,

Vsechny tyto vlastnosti, v kontextu s rozdilnym sloze-
nim povrchovych struktur prokaryotnich a eukaryotnich
bunék diskutovanym déle, maji vyznamny vliv na aktivi-
tu a selektivitu peptida.

Podstatné rozdily ve slozeni povrchovych
struktur bakterialni a eukaryotni bunky

Kationické AMP jsou selektivni, tzn., Ze pfednost-
né napadaji prokaryotni buriky patogennich baktérii,
zatimco eukaryotni buriky hostitele zlistanou neposko-
zené. Jejich selektivita je dana pfedevsim rozdilnym
slozenim membran téchto dvou typ bunék. Zatimco
baktérie do svych membréan casto zabudovavaji fosfa-
tidylglycerol, fosfatidylserin a kardiolipin — fosfolipidy
s celkovym zapornym néabojem, eukaryotické mem-
brany obsahuji hlavné zwitterionicky fosfatidylcholin
a fosfatidyletanolamin. Eukaryotni membrany navic ob-
sahuji také steroly, které je stabilizuji. Bakterialni buriky
maji na svém povrchu i dalsi Gtvary, které také pfispivaji
k jeho celkové zapornému charakteru.

Cytoplazmaticka membrana (CM) Gram-positivnich
baktérii je z vnéjsi strany chranéna bunéc¢nou sténou.
Ta je tvofena peptidoglykanem — polysacharidem slo-
zenym z N-acetylglukosaminu a N-acetylmuramové
kyseliny, které jsou navzéjem zasitovany pomoci pep-
tidovych mastkd. Peptidoglykanova vrstva je dale bo-
haté protkana kyselinami teichoovou a lipoteichoovou.
Kyselina lipoteichoova navic ukotvuje peptidoglykan
do vnéjsiho listu CM. Pravé kyseliny teichoové a lipo-
teichoova spolu s karboxylovymi skupinami aminoky-
selin pfitomnymi na povrchu peptidoglykanu obsahuji
negativné nabité skupiny zodpovédné za jeho celkovy
zaporny naboj®.

U Gram-negativnich bakterii je peptidoglykanova
vrstva nékolikanasobné tenci a z vnéjsi strany je kryta
dalsi fosfolipidovou dvojvrstvou — vnéjsi membranou

v

(VM). VM je svym sloZenim asymetricka a jeji vnéjsi list

®

polarni povrch

<

hydrofébni povrch

polarni povrch

hydrofébni povrch

Obr. 2: Priklady amfipaticity AMP. Piiklad sekundarni amfipaticity je zndzornén na molekule pfirodniho AMP magaininu
izolovaného z kdize Zzab Xenopus laevis”. Na struktufe o-helixu je patrné rozloZeni postrannich fetézcd polarnich a hydrofob-
nich aminokyselin vytvarejici tak oddélené povrchy molekuly s riznymi fyzikalnimi vlastnostmi (A). Defensin HNP-3 objeveny
v lidskych neutrofilech obsahuije tii antiparalelni B-skladané listy stabilizované tfemi disulfidickymi mastky. Monomery pak spolu
tvofi pomoci intermolekularnich vodikovych mastkd dimer ve tvaru kose s hydrofobni zékladnou a polarni casti vrchni ¢asti,
zahrnujici oba konce monomer@®2. HNP-3 je piikladem tercialni amfipaticity (B).
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obsahuje sloZitou antigenni strukturu zvanou lipopoly-
sacharid (LPS). LPS ma tii zékladni ¢asti: lipid A, tvo-
feny dvéma fosforylovanymi jednotkami glukosaminu,
které jsou pomoci zbytkGi mastnych kyselin ukotveny
ve vnéjsim listu VM; ,core” oligosacharid a O-antigen —
variabilni fetézec rlznych cukernych zbytk{*. Fosfato-
vé skupiny lipidu A se vyznamnym zplsoben podileji
na negativnim naboji povrchu Gram-negativnich bak-
térii a stavaji se hlavnimi atraktanty pro kationické
AMP11,33,35.

Modely mechanismu ucinku kationickych
AMP

Jak uz bylo zminéno v Gvodu, pfesny a jednotny me-
chanismus Gé¢inku AMP neni dosud zndm, a vzhledem
k rGznorodosti AMP nem(zZe byt principialné ani jedno-
znac¢né definovan. Nicméné na zakladé rGznych studii
vybranych AMP byly popsany nékteré jevy doprovazejici
cely proces jejich plsobeni. Samotny pribéh je moz-
no rozdélit na nékolik fazi: i) elektrostaticka interak-
ce peptidu s povrchem mikrobialni bunky; ii) kontakt

s fosfolipidovou membranou a jeji naruseni, a iii) ne-
vratné zmény vedouci k zaniku napadené buriky?*.

V prvni fazi dochazi k elektrostatickému pfitahova-
ni kladné nabitych molekul AMP k zéporné nabitému
povrchu baktérii (Obr. 3 A)33. Konkrétné jde o interak-
ci s kyselinou teichoovou, kyselinou lipoteichoovou
a s karboxylovymi skupinami aminokyselin na povrchu
peptidoglykanu Gram-pozitivnich nebo s LPS Gram-
-negativnich bakterii. To umoziiuje AMP prinik pies tyto
vnéjsi vrstvy do prostoru cytoplazmatické membrany*.

V dalsi fazi AMP v jeji pfitomnosti, pfipadné v pfi-
tomnosti LPS* nebo peptidoglykanu*, zaujimaji svou
sekundarni strukturu a uplatiiuje se vySe zminéna am-
fipaticita molekuly. Amfipatickd konformace peptidiim
umoziuje zanofeni lipofilni ¢asti molekul do hydrofob-
niho prostoru membranové dvojvrstvy, kdezto polarni
postranni fetézce zGstavaji v kontaktu s hydrofilnimi
hlavickami fosfolipid (Obr. 3 B). Toto v disledku vede
ke tvorbé pord nebo ztraté integrity membrany, pfipad-
né AMP prochazi do cytosolu, kde interaguiji s intracelu-
larnimi cili, coz maze vést k naruseni Zivotné dulezitych
pochodt v bakterialni bunce.

Elektrostaticka atrakce a vznik
amfipatické sekundarni struktury

e Hydrofdbni interakce s
fosfolipidovou membranou

Obr. 3: Mechanismus i¢inku kationickych AMP. Kationické peptidy s neuspofadanou sekundarni strukturou v roztoku jsou
elektrostaticky pfitahovany k zaporné nabitému povrchu bakteridlni buriky. Prostfedi fosfolipidové membréany u nich indukuje
tvorbu sekundarni amfipatické struktury (A). AMP se v povrchu membrany podélné orientuji, interaguiji s fosfolipidovou dvojvrst-
vou a jejich hydrofobni postranni fetézce se zanofuji do lipidové ¢asti membrany (B). Model sudové skruze (,barrel stave pore
model”) znazoriiuje vznik vodou vypInéného péru jako dlsledek agregace vice AMP a jejich zanofeni do membrény (C). U toroid-
niho modelu (,toroidal pore model”) AMP hydrofobnimi interakcemi s membranou indukuje jeji zakfiveni, které vede ke vzniku
toroidniho péru (D). Principem kobercového mechanismu (,carpet”, nebo také ,detergent-like mechanism”) je rozestoupeni
fosfolipidi zplisobené AMP, které tak membranu destabilizuje, coz mize vézt az k jejimu rozpadu na micely (,micelarizace”) (E).
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Za ucelem detailniho popisu téchto procest bylo na-
vrzeno nékolik modell interakce AMP s membranou
(Obr. 3)341633 a to predevsim pro a-helikalni peptidy.

Model sudové skruie (,barrel stave pore model” -
- BSPM) piedpoklada, ze AMP, mezi nimiz prevladaji
hydrofobni interakce, po nasednuti na membranu vza-
jemné podélné interaguji a agreguji do vétsich celkd.
Neékolik peptidovych fetézch pak spole¢né prolamuje
do membrany por vyplnény vodou podobny protei-
novému iontovému kanalu. Vnitini stény takto zfor-
movaného poru tvofi hydrofilni ¢asti molekul peptidd
(Obr. 30).

U modelu toroidniho péru (,toroidal pore model” -
TPM) je princip vzniku podobny jako v pfipadé BSPM,
avsak nedochazi zde k vzajemné agregaci peptidovych
fetézcl. Misto toho lipofilni postranni fetézce pepti-
dd zlGstanou po zanofeni v Uzkém kontaktu s vnitni
hydrofobni ¢asti membrany a indukuiji tak jeji toroidni
zakfiveni. Stény toroidniho péru jsou tvoteny peptido-
vymi molekulami spole¢né s polarnimi hlavickami fos-
folipidd. Timto modelem také byva vysvétlovan prestup
nékterych AMP pfes membréanu, coz umozni dosazeni
jejich intracelularniho cile (Obr. 3D)*.

Pfi uplatnéni kobercového mechanismu (,carpet
mechanism”) dochazi diky silnym elektrostatickym
interakcim s membranou k mnohonasobnému nase-
dani AMP na jeji povrch, tvorbé ,koberce” a nasled-
nému vzniku trhlin, dezintegraci az micelarizaci mem-
brany vedouci k rozpadu buriky. Tento mechanismus
se nékdy nazyva téz ,detergencni” a nevznikaji v jeho
pfipadé pory v pravém slova smyslu (Obr. 3E). Na ko-
bercovy model navazuje tzv. ,SHM” model (podle
autord Shai, Huang, Matsazuki), ktery predpoklada,
ze utvareni ,koberce” vede k rozestoupeni lipidd
v membrané a zaclenéni AMP. Nasleduje vznik péru
s moznou desintegraci membrany a v nékterych pfipa-
dech dojde k rozpadu buriky*.

V literatufe bylo popséno nékolik dalsich modeld lisi-
ci se zplisobem interakce mezi AMP a membranovymi
lipidy. Napf. Nguyen ve své redersi jmenuje jevy jako
shlukovani zéporné nabitych fosfolipid(i v misté plso-
beni peptidu, ztenceni nebo depolarizaci membrany
aniz by byla narusena ¢i elektroporaci membrény indu-
kovanou pfitomnosti peptidu®. Jak uz bylo naznaceno
drive, jsou to pravé typ a struktura AMP, které pfedur-
¢uji, jaky z mechanism@ bude pievladat. Napi. dobfie
definovand 3D konformace AMP se zda byt dilezita
pro tvorbu pér&i BSPM mechanismem a uplatiuje se
hlavné v pfipadé toxického Gc¢inku AMP na eukaryot-
ni burky, zatimco u membréan s velkym zastoupenim
negativnich fosfolipid( jsou dominantni elektrostatické
interakce a vznikaji péry toroidniho typu nebo docha-
zi ke kobercovému efektu'®*. Pokud jde o o-helikal-
ni peptidy obsahujici Arg a Lys v sekvenci, mize dojit
k jejich hlubsimu zanofeni do vnitiniho hydrofobniho
prostoru membrany, pficemz kladné nabité skupiny
na koncich dlouhych postrannich fetézcl téchto ami-
nokyselin zlstanou v tésném kontaktu s fosfatovymi
skupinami polarnich hlavi¢ek fosfolipidd (tzv. ,snor-
kelling mechanism”)*.

Vsechny tyto modely maji ovSem jako spole¢ny pied-
poklad to, Ze primarnim cilem peptid( je cytoplazma-

tickdi membrana jako takova a ve vétSiné pfipadl je
kone¢nym disledkem naruseni jeji integrity, ztrata
intracelularnich metabolitd nebo rozvrat osmotické rov-
novéhy buriky coz vede k jejimu zaniku333,

Intracelularné piisobici AMP

Existuje skupina kationickych AMP, které sice v prvni
fadé interaguji s bakterialni membranou, nezplsobu-
ji v8ak jeji dezintegraci ani nezvySuji jeji propustnost,
ale pouze skrze ni prochazi. Samotny baktericidni efekt
téchto peptidl je zplsoben jejich vazbou na vnitrobu-
nécné funkeni molekuly a/nebo narusenim nékteré
z metabolickych drah. Konkrétné mohou ovliviiovat
syntézu proteind, bunécné stény, aktivitu enzym( nebo
interagovat s nukleovymi kyselinami'3®.

Napi. linearni silné kationicky peptid buforin 1l, deri-
vat AMP buforinu | izolovaného z Zaludku asijské Zaby
Bufu bufo garagriozans, prochazi dovniti buriky E. coli
bez ovlivnéni celistvosti jeji membrany a to i v koncent-
racich 5x vyssich nez je minimalni inhibi¢ni koncentrace
(MIC). Samotny baktericidni tcinek je pravdépodobné
dasledkem jeho vazby na nukleové kyseliny*”. Dalsim
takovym peptidem je vy3e zminény indolicidin, ktery
pronika bakterialni membranou, aniz by zpUsobil jeji
dezintegraci. Uvniti bunky se diky své specifické sek-
venci bohaté na tryptofan (ILPWKWPWWPWRR-NH,)
vaze na dvojvlakno DNA, ¢imz ji zabranuje Gcastnit
se rlznych fyziologickych déji vcetné jeji vlastni repli-
kaces.

Rezistence vuci AMP

Tradi¢ni antibiotika se musi nejdfive navazat na kon-
krétni cilové misto — molekulu na povrchu nebo uvnitt
bakterialni bunky, aby se projevil jejich G¢inek. Pfipadna
mutace v genech kédujicich tyto cilové molekuly mze
pak jednoduse vést ke snizené afinité léciva a v dlsled-
ku pak ke zvySené rezistenci mikroorganismu k dané
latce. Na rozdil od toho plsobi AMP rychle a nespe-
cificky, spise fyzikdlnim mechanismem na celém povr-
chu mikrobialni buriky, a proto je pifi jejich pouziti riziko
vzniku rezistence nizsi®. Také fakt, ze az na vyjimky pep-
tidy slozené z p-aminokyselin jsou stejné aktivni jako
jejich all-L isomery, naznacuje, ze Gi¢inek AMP nespo-
¢iva v jejich stereo-selektivni interakci s receptorem.
Ovsem i v pfipadé AMP byly popsdny mechanismy,
kterymi jsou mikroorganismy schopny vzdorovat jejich
Gcinkdm.

V prvé fadé je tfeba zminit, Zze nékteré bakterialni
rody jako Morganella nebo Serratia jsou pfirozené
méné citlivé k uc¢inkim AMP, protoZze maji specifickou
skladbu bakterialni membrany s nizkym obsahem za-
porné nabitych molekul?.

Pokud jde o adaptivni resistenci, bakterie mohou jed-
nak modifikovat cilové struktury — peptidoglykan bu-
nécné stény, LPS nebo samotnou membranu, a jednak
snizovat lokalni koncentrace aktivniho AMP. Toho mo-
hou dosahnout tfeba ucinkem efluxnich pump nebo
produkci protedz> 133839,

Kyseliny teichoova a lipoteichoova v bunécné sténé
Gram-positivnich baktérii mohou byt modifikovany
riznymi cukernymi zbytky nebo p-alaninem, coz vede
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ke snizeni celkového negativniho naboje. V ptipadé LPS
Gram-negativnich bakterii jde o snizenou fosforylaci li-
pidu A nebo o substituci jeho fosfatovych skupin mo-
lekulami kyseliny octové, 4-deoxy-4-aminoarabinosou,
glycinem nebo etanolaminem, coz také vede k reduk-
ci negativniho naboje povrchu bakteridlni burky a tim
sniZzené citlivosti k AMP. Ke stejnému efektu vede zmé-
na poméru mezi zaporné nabitymi a neutralnimi fos-
folipidy ve vnéjsim listu membrany*. Stejny dlsledek
ma téZ napf. esterifikace fosfatidylglycerolu L-lysinem
popsana u stafylokokd®®. Esterifikaci lipidu A kyselinou
palmitovou se zméni fluidita VM, kterd se tak stava htie
prostupnou pro AMP.

Rada patogenti produkuje proteazy, extracelular-
ni nebo vazané na membranu, které funguji jednak
jako virulentni faktor (usnadiiuji kolonizaci a destruk-
ci hostitelskych tkani) a prostfedek pro ziskani Zivin,
jednak jako mechanismus obrany proti imunitnimu
systému hostitele, jehoz soucasti jsou pravé také AMP*.
Napi. studium patogennich baktérii Staphylococcus
aureus, Pseudomonas aeruginosa, Enterococcus
faecalis, Proteus mirabilis a Streptococcus pyogenes
ukazalo, Ze tyto produkuji protedzy schopné Sstépit
lidsky AMP kathelicidin LL-374243,

V neposledni fadé stoji za zminku dalsi virulent-
ni faktor vyskytujici se u mnoha patogennich bakterii
a kvasinek, ktery ovliviiuje ucinek antimikrobialnich
latek vcetné peptidd, a tim je schopnost tvorby biofil-
mu. Mikrobialni biofilm je struktura tvofena komunitou
mikroorganism@ aktivné vazanych k danému povrchu
a krytych polymerni extracelularni matrix. Tato slizo-
va vrstva poskytuje mikroorganismdim ochranu proti
vnéjsim fyzikélnim, chemickym a biologickym vliviim.
Hlavnimi slozkami matrix biofilmu jsou polysacharidy,
extracelularni DNA a bilkoviny a vSechny tyto makro-
molekuly mohou za urcitych podminek vézat katio-
nické AMP. Napi. alginat, produkovany P aeruginosa
pii tvorbé biofilmu, zachycuje AMP a tim brani jejich
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interakci s povrchem bakterie. Také schopnost nékte-
rych patogend tvofit extracelularni polysacharidova
pouzdra mUze pfedstavovat jeden z mechanismu rezis-
tence vici plsobeni AMPS,

Na druhou stranu je tfeba uvést, ze fada AMP je schop-
na zabijet bakterie ve formé biofilmu v koncentracich
srovnatelnych s jejich minimalni inhibi¢ni koncentraci
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ridlnimu biofilmu az 1000x méné G¢inné*47.

Zaver

Antimikrobialni peptidy tvofi strukturné rdznorodou
skupinu biologicky aktivnich latek, kterd& ma potencial
se jednou zafadit mezi pouzitelna léciva. Z mnozstvi
navrzenych modell je mozno usuzovat, Ze neexistuje
jen jeden, ale vice moznych mechanismd Gcinkt AMP,
které se uplatiiuji v zavislosti na konkrétnim peptidu
a danych podminkach. Je vSak moziné predpokladat,
Ze v pocatecni fazi dochazi k interakci peptidu s mem-
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cita a amfipaticita. Hlubsi porozuméni procesu pUso-
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Souhrn

Nesuta 0., Cefovsky V.: Antimikrobialni peptidy: nadé&jna zbraii v boji proti antibiotické rezistenci

Antimikrobialni peptidy jsou vyznamnou slozkou nespecifické imunity t¢éméf viech forem Zivota a vyznamné se podili na obrané jedince
proti patogennim mikroorganismim. Béhem jejich dlouholetého studia byly popséany fyzikalné-chemické vlastnosti molekul peptid(,
kli¢ové pro jejich antimikrobialni uc¢inek (kationicita, hydrofobicita, amfipaticita), a pro mnohé byly navrzeny rtizné mechanismy jejich
pusobeni. Pocatecni fazi plsobeni kationickych peptidl je elektrostaticka interakce se zéporné nabitym povrchem bakterialni buriky.
V piitomnosti bakterialni membrany nabyvaji molekuly peptidi své amfipatické sekundarni struktury umoziujici postrannim fetézciim
jejich hydrofobnich aminokyselin zanofeni dovnitf fosfolipidové dvojvrstyy membréany. To ma za nasledek naruseni struktury membrany
a/nebo vznik pérti. Dochazi k rozvratu biologickych funkci membrany, co? v samotném disledku vede k zaniku celé buriky. Utinek je
rychly a natolik odlidny od G¢inku antibiotik pouzivanych v sou¢asné klinické praxi, Ze se obecné pfedpoklada, zZe by se antimikrobialni
peptidy v boji s infekénimi chorobami jednou mohli stéat [écivy nové generace. V tomto ¢lanku jsou shrnuty jednotlivé kroky vy3e zminé-
ného procesu a piedstaveny nékteré modely vzniku membranovych péré. Déle jsou nastinény zplsoby, kterymi se mikroorganismy proti
pusobeni antimikrobialnich peptid brani.

Klicova slova: Antimikrobialni peptidy, mechanismus plsobeni, bakterie, biologické membrany, sekundérni struktura, bakterialni
resistence

Summary

Nesuta 0., Cefovsky V.: Antimicrobial peptides: promising tool against the antibiotic resistance

Antimicrobial peptides are an important part of nonspecific immunity of almost all living organisms; they contribute significantly to their
defence against pathogenic microorganisms. A range of physical and chemical properties important for the effect of these compounds
(cationicity, hydrophobicity, amphipathicity) have been described during decades of their study, and various models of their mechanism
of action have been proposed. First stage of the action is the electrostatic interaction of cationic peptides with negatively charged surface
of the bacterial cell. Peptide molecules adopt their amphipathic secondary structure in the environment of bacterial membranes, which
enables hydrophobic amino acid side chains to immerse inside the phospholipid bilayer of the membrane. It leads to membrane disrup-
tion, or alternatively to transmembrane pore formation. Such a loss of biological functions of bacterial membrane results in destruction
of the entire cell. The effect is quick and completely different from the effect of commonly used antibiotics. Due to this effect, it is expec-
ted that antimicrobial peptides could become the antimicrobials of new generation. In this article, the whole process as described above
is discussed in detail and some membrane pore forming models are presented. In addition, modes of microbial resistance towards
antimicrobial peptides are also summarised.

Keywords: Antimicrobial peptides, mechanism of action, bacteria, biological membranes, secondary structure, resistance
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