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1 INTRODUCTION

Pollution treatment, abatement and environmental mamntenance are among the
most important challenges to any nation One biotechnological approach to this
problem 1s the development of new surface active substances, biosurfactants, whose
application to various environmental problems 1s likely to assume increasing
significance We forsee the potential for relatively inexpensive applications mn a
vartety of areas such as studge liquification and bioremediation, heavy metal sorption
and concentration, enhancement of bioremediation of hydrophobic pollutants such as
pesticides, xenobiotics, solvents, explostves, cleaning etc In this regard 1t should be
noted that 1 There 1s no universal surfactant formulation which can be used 1n every
application, 2 Only relatively few organisms have been screened for biosurfactant
production, 3 Biosurfactants compete favorably with non-toxic chemucal surfactnats
which are expensive and frequently require formulation with other more toxic
matenal, 4 Non-toxic biosurfactant formulations might compete favorably with other
matenials used 1n a vanety of industrial applications such as cosmetics, health care and
food industries

The ultimate goal of this project 1s to develop a technology for the 1solation,
production, and characternization of specific microbial biosurfactants for application
n pollution control and environmental mamtenance Specific objectives are

1 To 1solate, charactenize and compare microbial biosurfactants from existing
strains and newly 1solated microorganisms

2 To develop a screening program for the 1solation of surfactant-producing

organisms which biosurfactants and surfaceactive biopolymers with novel properties



3 To nvestigate the physiological characteristics of growth and biosurfactant
production with selected strains chosen on the basis of results obtained from
Objectives 1 and 2 above

In addition, during the course of this work, we developed additional
approaches for the production of novel surfactant formulations based on the
mteraction of specific proteins and various polysaccharides This work which 1s
currently i progress, will also be presented 1n this report  Finally, we have received a
report directly from the laboratory of our colleague Dr Manasbaeva, who has
submuitted a report on her findings This work will also be mcluded
2 NEW BIOEMULSIFIER-PRODUCING STRAINS.

Preliminary results of a screening program for new biosurfactant producing
strams were described 1n our first progress report A series of strains able to grow on
crude o1l were 1solated by enrichment culture from a so1l sample and screened for
bioemulsification properties The results are shown mn Table 1  As expected, all of
the strains produced some emulstfying activity although they did exhubit different
properties For example, stramns DG20, DG44, DG121, DG122 all produce
emulsifying activity which 1s associated with the cell surface Interestingly, this
activity frequently depends on the growth substrate For example, DG20 produced
cell-associated bioemulsifier when grown either on glucose or on hexadecane
Simular results were found for DG44 These two stramns produced hittle extracellular
emulsifier In contrast, however, DG121, produced copius amounts of cell-free
emulsifying activity, yet also produced significant quantities of a cell-bound polymer
Interestingly, DG121 produced both cell-bound and cell-free emulsifying activities
only when grown on hexadecane Similarly, stram DG39 and DG122 produced

emsulsifying activity 1n the cell-free broth only when grown on hexadecane



As shown 1n Table 2, the cells of strains producing the new biosurfactants
varied 1n their adherence to hydrophobic surfaces Stramns DG39, DG44, DG120 and
DG121 resembled RAG-1 1n thewr avid adhesion properties to hydrophobic surfaces
Interestingly, strains DG 21, DG47, DG119 and DG123 strongly adhered to
hexadecane when grown on the hydrocarbon substrate, but exhibited severely reduced
adherence properties when grown on the water soluble carbon source This most
likely reflects a carbon source dependent production of the hydrophobic fimbrae
which generally mediate the adhesion of microbial cells to hydrophobic surfaces

One of the nteresting features of the biopolymer emulsan 1s 1ts ability not only
to emulsify hydrocarbons, but also 1its ability to prevent the adhesion of other
orgamsms to hydrophobic surfaces It was of interest therefore to compare the
emulsan anti-adhesion activity with the those of the new stramns (Table 3) Since
DG44 was the most adhesive of the new strains, we tested the ability of the various
emulsifier preparations to prevent its adhesion to hexadecane As can be seen in
Table 3, DG39, DG120 and DG121 all produced potent anti-adherence activity In
these cases, the anti-adherence activity was even more effective than emulsan itself
In contrast, neither the cells of DG44, nor the extracellular products DG47 or DG119
were particularly effective in preventing the adhesion of DG44 The other emulsifiers
showed mtermediate activities 1 adherence inhibition These studies, along with
others designed to purify and determine the structures of the various emulsifiers, are

currently 1n progress



Tablel Emulsifying activity of o1l-degrading microorganisms

Strain Carbon Biomass Emulsifying Activity
Source (K1)
Cells Supernatant
(U/g dew***) (U/ml)

RAG-1 Glucose

Hex 1150 12 193
DG20 Glucose 437 95 42
Hex 967 158 23
DG21 Glucose 856 <5 228
Hex 1297 13 19
DG39 Glucose 289 29 79
Hex 446 19 545
DG44 Glucose 529 226 55
Hex 1097 163 87
DG47 Glucose 466 38 42
Hex"™ - ~- -

DG119 Glucose” - - -

Hex 774 65 87
DG120 Glucose 459 <10 322
Hex 924 20 30

DG121 Glucose -~ - -




Hex 1396 155 440

DG122 Glucose 598 <10 <10
Hex 1119 <10 180

3
These cells cannot use glucose as sole carbon source They can grow on acetate and

on ethanol

ek
These cell cannot use pure hexadecane as sole carbon source They can grow on

crude o1ls

™ dry cell weight



Table 2 Adherence of hydrocarbon-degrading microorgamsms to hydrophobic

surfaces
Straimn Growth Substrate Adberence to Hexadecane
%
RAG-1 Ethanol 78
Hexadecane 98
DG20 Glucose 33
Hexadecane 52
D@21 Glucose 42
Hexadecane g7
DG39 Glucose 66
Hexadecane 83
DG44 Glucose 100
Hexadecane 100
DGA47 Ethanol 23
Crude o1l 88
DG119 Ethanol 2
Hexadecane 94
DG120 Glucose 62
Hexadecane 85
DGi21 Ethanol 96
Hexadecane 89
DG123 Glucose 27

Hexadecane 100




Adherence to hexadecane was monitored 1n a standard adherence assay in which

0 2ml hexadecane was vigorously mixed on a vortex mixture for 3 minutes with 1 ml
of overmight washed culture (500 KU) of each strain grown on the indicated carbon
source and allowed to settle After separation of the phases, the turbidity was

measured Percent adherence was calculated as (1-T¢#500) X 100



Table 3 Effect of bioemulsifiers on adheston of strain DG44 to hydrocarbons

Source of emulsifier Percent adherence
None 100
Emulsan 15

DG20" 35

DG21 32

DG39 3

DG44" 56

DG47 89

DG119 68

DG120 2

DG121" 23



DG121™ 0

DG122 44

*. The source of the emulsifier consisted of washed cells

™. The source of the emulsifier was the dialyzed cell-free supernatant



3 THE DEVELOPMENT OF NEW BIOPOLYMER FORMULATIONS FOR
ENVIRONMENTAL APPLICATIONS INCLUDING CATION BINDING

The purpose of this part of the project was to expand the spectrum of
amphipathic biopolymers to mclude new formulations for bicemulsification and
cation binding In this portion of the work, we used two basic approaches 1
Reconstitution of emulsifymg activity using protemn polysaccharide formulations, and
2 Genetic engmeering of mucrobial polysacchande to generate new biopolymers
which could then be included n the program to test novel formulations

3a Reconstitution of activities using protem polysaccharide formulations.

In the first approach we exploited the fact that hydrophobicity of emulsan 1s
enhanced when 1t 1s non-covalently complexed with crude protein preparations In the
current project, protemn was used to reconstitute the emulsifying activity of
apoemulsan towards very hydrophobic substrates such as hexadecane This
reconstitution was achieved with a cloned overexpressed, his-tagged esterase which
was purified by affimty chromoatography on a mickel column using the T7 expression
system Previous results had indicated that the esterase was a cell-surface protemn
mvolved in emulsan release from the cell surface Moreover, the amphipathac
biopolymer could be partially deacetylated by erther the RAG-1 enzyme or the
recombinant enzyme Cloning of the enzyme 1n £ colt was based on the ability of the
recombinant protein to confer on £ colr the ability to utilize stmple triglycendes as
sole sources of carbon and energy In addition to the wild-type esterase, we employed
standard techniques to 1solate site-directed mutants blocked either 1 the catalytic triad
of the esterase, or 1 several other sites aparently mvoled m protein folding of the
RAG-1 enzyme In addition to affimity chromatography, the esterase was occastonally

purified on a monoQ column using a Pharmacia FPLC mstrument
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Use of esterase wn reconstitution of hydrocarbon emulsifynng activity

For reconstitution experiments, various concentrations of the recombimant
esterase (either wild-type or mutants) were mixed with different biopolymers (at
varymng concentrations) including apoemulsan, the capsular polysacchande from
Acinetobacter calcoaceticus BD4, colanic acid from £ coli, the capsular
polysacchande from Erwinia stewartu (termed stewartan), and the capsular
polysacchande from Erwinia amylovora (amylovoran) The protein polysacchande
muxtures were assayed for emulsification 1n a standard emulsification assay using
hexadecane 2-methyl naphthalene (2 1) as the hydrocarbon substrate (as descnibed
previously) In addition, emulsification of hexadecane alone was also monitored
These emulsification assays were also repeated using several of the esterase mutants
m place of the wild-type recombinant enzyme

Use of esterase in cadmium binding

In addition to emulsion formation, "polymerasols" were generated according to the

procedures described for preparing apoemmulsanosols except that the pure biopolymer
was replaced by the protein- polysaccharide formulation After centrifugation, the
presence of the esterase 1n the polymerasol was venified using Western blot analysis
with a polyclonal antibody prepared against the overexpressed, s-tagged
recombinant esterase produced m E colt K12 Cd™ binding to the polymerosols was
carried out as described above

Previous results demonstrated that apoemulsan exhibits hydrocarbon substrate
specificity  Thus, for optimum emuisification, a mixture of aliphatic and aromatic
hydrocarbons 1s required Pure aliphatic hydrocarbons such as hexadecane are not
emulsified by apoemulsan Reconstitution of emulstfication of hexadecane alone was

achieved when emulsan associated protemn was added back to the apoemulsan
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preparation Since esterase was found to be associated with the normal suite of
proteins associated with emulsan, 1t was of interest to see whether the recombmant
esterase could restore emulsifying activity towards pure aliphatic hydrocarbon
substrates A number of figures are included illustrating the clonmg strategy and
purification of the overexpressed esterase The recombinant protemn was present m E
col: on the cell surface, although about 75% of the enzyme was found m inclusion
bodies The fraction associated with the cell surface was punfied and shown to
exhibit activities similar to those of the wild-type enzyme In addition to the
wild-type esterase, a series of site directed mutants were 1solated (see sequence and
sites of mutations) Mutant glycine or alanine substitutions were made for each
position None of the mutants exhibited esterase activity In addition, mutants made
m the his-ser-glu catalytic triad, still exibited relatively large amounts of
appropriately folded protein, while the other mutants produced over 90% of the
proten 1n the form of inclusion bodies

As shown 1 Figs 1-4, both wild-type and mutant esterases were able to
reconstitute emulsifying activity to apoemulsan Activities using either mixtures of
2-mehtyl naphthalene + hexadecane, or hexadecane alone were obtamed The fact
that mutant esterases were also active in this reconstitution demonstrates that the
protein need not be active catalytically in order to restore activity However, not all
protemns work n this reconstitution system For example, a series of enzymes which
mteract with polysaccharides such as cellulase, lysozyme, as well as a series of other
lipases, proteases and esterases were all found to be mactive in restoring activity (not
shown) The specificity of mteraction 1s currently under investigation One approach
we are currently taking 1s to attempt to crystallize the protemn with a view towards

understanding its structure and function (for example, see Fig 7) Alternatively, we



are currently engineering various fragments from the est gene m order to map that
region of the protemn which may be mvolved n the reconstitution These studies are
currently n progress We hope to be able to exploit the results m order to be able to
define small peptides which could be produced synthetically m order to generate
novel formulations In addition to the reconstitution of emulsifying activity, we have
used the formulations described above and have shown that the recombinant esterases
(mutant and wild-type) were able to form apoemulsanosols and were able to bind

cadmium 1n the assay described above These studies are also currently in progress



Scheme of cloning of est gene into overexpression
vectors pET-11c and pET-14b.
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Amino-acid sequence of RAG-1 esterase

gure 1

MKFGTVWKYYFTESLLKATIRTPSQLNLAPNALRPVLDQLCRL
79

FPONPTVQIRPIRLAGVRGEEIKAQASATOLIFHIHGGAFFLG
110

SLNTHRAIMTDLASRTQOMQVIHVDYPLAPEHPYPEAIDAIFDV
149

YOALLVQGIKPKDIIISGDSCGANLALALSLRLKQQPELMPSG
196

LILMSPYLDLTLTSESLRFNQKHDALLSIEALOQAGIKHYLTDD
244

IQPGDPRVSPLEFDDLDGLPPTLVQVGSKEILLDDSKRFREKAE
274
QADVKVHFKLYTGMWENFOMFNAWFPEAKQALADTAEFATSLD

LD*

* Bold characters represent potential ammo acids in the
catalytic triad Ser-Asp(Glu)-His Their positions are
indicated above them

e Ammo-acids His”, Asp'’®, Ser'®, Asp', Glu®** and
His*™ were changed to glycine and alanine using site-
directed mutagenesis




Overexpression of RAG-1 esterase m E cols

Figure 2

=

- - RAG-1 esterase
215~

Esterase activity 10 2300 15 2400 12
umts/mg of protemn

* Aliquots of cell-free extracts as well as msoluble fractions from each of
the following strams were separated on a 12 % SDS-gel Lanes 1,
cell free extract of uninduced BL-21(pESTAIL-~11), 2, cell-free extract
of mduced BL-21 (pESTAL-11¢), 3, msoluble fraction of snduced BL-~
21(pESTAL-11c¢), 4, cell-free extract of mmduced BL-21{pESTAL-14b),
5, msoluble fraction of nduced BL-21(pESTAL-14b)

» The molecular weight of overexpressed RAG-1 wild type esterase and
his-esterase were found to be 325 and 34 5 kDa respectively This
difference m molecular weight corresponds to His-tag sequence and to
the thrombin cleavage site which were fused to the wild type esterase

e The recombmant RAG-1 esterase and his-esterase were recovered m
cell-free extracts as well as i mclusion bodies

RAG-1 his-esterase
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Inclusion body formation of wild type and mutant esterases

Figure 3
kDa 1 2 3 4 5 6 7 8
974-
662 -
45-
[ S

31-
21.5- -
144- &

o

s Inclusion body formation 1 mduced strams carrying the alanine mutant
protems of RAG-1 esterase Lane 1l-ummnduced BL-21( pESTAL-
c)(Wt esterase), lane 2 ~ cell-free extract of mduced BL-21(pESTAL-
11c)(Wt esterase) Lanes 3 - 8 represent washed mclusion bodies of
strams lane 3 - BL-21(pESTAL-11c)(W t esterase), lane 4- BL-21(pYB-
18)(H79A), Lane 5 - BL-21(pYB-19)(S149A), Lane 6- BL-21{(pYB-
20)(D196A), Lane 7 - BL-21{(pYB-21)(E244A), and lane 8 - BL-21(pYB-
22)(H274A) The arrow mdicates position of the esterase bands




Overexpressed glycine mutants of the RAG-1 esterase
mn cell-free extracts

Figure 4
kDa 1 2 3 4 85 6 17 8
74— |-~
62—~ |
4S— law
31— e ‘
215~ |~
144 |~
Esterase actiaity 12 2200 14 550 9 10 3 10
units/mg of protem

* SDS-PAGE showmg presence or absence of the mutant esterase proteins
m somcated cell extracts of £ coli BL21 Lane 1) Control -
BL21{pESTAL-11c) (W t esterase) without IPTG, Induction with IPTG 2)
BL-21 (pESTAL-llc) (Wt esterase), 3)BL-21 (pYB-1)(His™Gly),
BL21(pYB-2)(Asp!!°Gly), 5)BL21(pYB-3)(Ser'*Gly), 6)BL21(pYB-
4)Asp¥Gly), 7) BL21(pYB-5) (Glu**Gly), 8) BL21(pYB-6)
(His27*Gly) The arrow mdicates position of the esterase bands

* The wild type esterase as well as Asp*!°Gly, Ser'*Gly and Glu?*Gly
mutant protems were detected m cell-free extracts

* The His™Gly, Asp!®Gly and His*’*Gly mutant protems were not
observed m soluble form, but were detected only mn mclusion bodies

e Vanous efforts to decrease the inclusion body  formation were
vnsuccessful

*  Only Asp*'%Gly mutant showed cell-bound or cell-free esterase activaty of
about 20% m comparison with wild type esterase
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Punification of the wild type esterase by metal-

chelation affinity chromatography

Figure 6

kDa

974 —
662 —

45—

31—

215~

44—

Esterase activity 2340 331 100 310 50200
uaits/mg of protemn

o The soluble RAG-1 esterase prepared from mduced stram BL-
21(pESTAL-14) was punfied usmng Novagen His-Bind Resm
Aliquots of column fractions were separated on a 12% SDS-gel and

stamed by Coomassie blue Lanes 1, start material, 2, column

flow-through, 3, washing with 5 mM Immdazole, 4, washung with 80

mM Imdazole, 5, elution with 400 mM Imidazole The arrow

mdicates the position of the punified esterase protein The molecular

mass markers are mdicated to the left

ZO



Attempts at crystalhzation of RAG-1 his-esterase

Figure 7

Microcrystals
of RAG-1
his-esterase

¢  The RAG-1 his-esterase was purified using metal-chelation affinity
chromatography ( Ni-column )

¢  The best microcrystals were obtained at a pH 8 1 in the presence of 0 2M
ammomum sulfate, 10% polyethylene glycol and m the presence of
Nomdet-40 detergent at protemn concentration hugher than 1 5 mg/ml

U
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Recombinant Esterase [ug]

Figure 8 Emulsifying activity enhancement using recombinant RAG-1
esterase (wild-type) 1n presence of hexadecane 2 Methyl Naphthalene
Apoemulsan at a fixed concentration of 60 pg/ml was used as emulsifier
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Emulsifying activity [U/ ml}
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Recombinant Esterase [ug]

Figure 9 Emulsifying activity enhancement using recombmant RAG-1
esterase (wild-type) n presence of hexadecane Apoemulsan at a fixed

concentration of 60 pg/m!l was used as emulsifier
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Emulsifying activity [U/mil]
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Recombinant Esterase [ug]

Figure 10. Emulsifying actrvity enhancement using recombinant RAG-1
negative esterase from His” Gly mutant in presence of hexadecane 2
methyl naphtalene Apoemulsan at a fixed concentration of 60 pg/ml was
used as emulsifier



Fnally, 1t was of mterest to examne the specificity of reconstitution towards other

polysaccharides These results are also currently m progress, although some of our

preluminary observations are presented in the following table

Table 4 Cadmium binding to engineered polysaccharides ’

Polysaccharides * Cd™ bmnding
(1 equivalents/mg biopolymer)
Apoemulsan 39
Colanic acid - Wild-type 13
Mutant 1 24
Mutant 2 05
Mutant 3 49
Stewartan -~  Wild-type 29
Mutant 1 0°
Mutant 2 11
Mutant 3 18

! Biopolymerosols were prepared as described and cadmium binding was assayed by

atomic absorption spectroscopy

% Mutant polysaccharides were produced m amounts only about 1/5 to 1/10 of the

amount produced by the wild-type cells

> The biopolymerosol formed was too unstable to carry out the bmding assay




Table 5. Esterase interaction with water soluble polysaccharides and
thewr conversion to amphipathic bioemulsifiers.”

Polysaccharide Activity
(uw/ml)

Capsular polysaccharide from

Acinetobacter calcoaceticus BD4 75

Colanic acid 87

Stewartan (capsule from Erwinia 122

stewartit)

Amylovoran (capsule from Erwinia

amylovora) 133
Xanthan 39
Gellan 65
Algimic acd 22

! Esterase was added at concentration of 150 pg/ml Polysaccharides were added at
concentrations of 60 pg/ml Hexadecane was the substrate for emulsification. The
polysacchandes were completely mactive m the absence of esterase

Use of protein stabilized polymerosols in adhesion studies
The esterase-stabihzed polymerosols described above were used in standard adhesion
and anti-adheston assays as described previously For these expertments, the test
orgamsm, RAG-1 was mixed vigorously with a standard volume of hexadecane,
octane and xylene on a vortex mixer After standing the adherence of the cells to the
hydrophobic surfaces was estimated from the lose of turbidity (due to adhesion of the
cells to the hydrocarbons which floated to the surface after phase separatton) The
assays were repeated 1n the presence of the various biopolymer formulations in order
to estimate the ability of the formulations to prevent adherence of microbes to

hydrophobic surfaces




3b Engmeermg of novel polysaccharides for use in environmental
applications.

Thus 1s an approach which we began before the collaborative project was
mtiated, but which was continued during both the second and third years of the
project In this approach we exploited the fact that certain biosynthetic pathways for
polysaccharide production are already known and quite similar The basis of the
approach 1s to use mutants blocked i polysaccharide synthesis in specific steps, and
then attempt to complement the defect using cloned genes from a heterolgous
orgamsm to complement the defect i biosynthesis If the defect 1s n a particular
transglyosidation reaction which adds an activated sugar onto a growing
ohigosaccharide chain, the hope was that a heterologous fransglycosidase could be
mntroduced which replaced the wild type sugar component with a new sugar i the
subunit backbone of the polymer The general approach involved the
complementation of a series of biosynthetic mutants defective in the production of the
capsular polysacchanide stewartan produced by the corn pathogen Erwima stewartu
The mutants were complemented with homologous genes from E amylovora as well
as with a hbrary from £ coli The resulting polysaccharde was reocovered from the
supernatant flmd of glucose grown cultures, and recovered by precipitation in the
presence of 80% ethanol This material was drned and spun 1n an ultracentrifuge at
100,000 X G for 24h to remove possible residues of lipopolysacchanide, and treated
with protease K to remove residual protemn  Final purnification mvolved two additional
cycles of ethanol precipitation  The putatively engineered polysaccharides were used
n the emulsification, adherence and cation binding assays as described above In
addition, they were hydrolyzed and the sugar monomers analyzed 1n order to

determine the changes 1 polymer composttion



3¢ Characterization of metal bmding to the bropolymer emulsan

In this work we studied the binding of cadmium and other metal 10ns to the
protemn-free biopolymer, apoemulsan which was produced by an ethanol fermentation
as previously described The emulsan polymer was first purified by ammonium
sulfate precipitation an dialysis followed by treatment with protease K to remove the
10% protein which was associated with emulsan The protein-free material, termed
apoemulsan, was still capable of stabilizing o1l/water emulsions Previous results had
shown that the binding of both orgame and morganic cations to apoemulsan was
significantly enhanced when the biopolymer was present in an emulsion at the
o1l/
when the latter was either free mn solution or bound at an apoemulsan-stabilized
hexadecane/water emulsion (termed apoemulsanosol) The biopolymer-stabihzed
emulsion was first formed by sonic oscillation of a 3% hexadecane/water suspension
1n a solution of apoemulsan This emulsion was then concentrated by centrifugation
to yield a thick, cream consisting of a hexadecane/water (70% hexadecane) emulsion,
the apoemuisanoso! At the concentrations used to form the emulsions, virtually all of
the added apoemulsan could be recovered within the apoemulsanosol
Apoemulsanosols are stable at room temperature for periods of several months before
phase separation occurs

Binding measurements In order to carry out the binding experiments we designed a

cell B contans cadmium cell A confan
and EMULSAN cadrmurn

dialysis membrane

L
o



simple double-cell chamber 1n which the two cells were separated by a dialysis

membrane

cell B contaims cadmien cell A cantgin
and EMULSAN cadmium

dralysis membrane

magnetic stirer

Equal concentrations of Cd"™ were added to each cell (A and B), while various
concentrations of etther apoemulsan or apemulsanosol were added to Cell B After
steady state was reached, the concentration of residual Cd™ was monitored in Cell A
(in the absence of biopolymer) Binding was determined from the decrease of Cd™™
cell A Cd™ was measured using two methods 1 electrochemically using the
Dafferential Pulse Anodic Stripping Voltometry (DPSAV) technique, and 2 atomuc
absorption spectroscopy Results from the two techmiques were found to be within
15% of each other, although the atomic absorption spectroscopy was somewhat less
cumbersome and more routine In all cases the results were determined from an
average of three independent measurements for each concentration

Using the chamber described above we developed cadmium binding to
apoemulsan and apoemulsanosols was determuned using both the DSPAV

electrochemiucal technique as well as atomic absorption spectroscopy The results



presented here were based on the atomic absorption measurements for cadmum
Apoemulsan, with a molecular mass of 10° kilodalton, has been shown to 1295
carboxylate anions m the form of uronic acid moseties It was found that at
concentrations of apoemulsan free i solution as low as 0 4pg/ml, one molecule of the
polymer bound up to 1375 equivalents of cadmium 1on In agreement with previous
results, this suggests that the binding 1s stoichiometrsic In contrast, when present
an apoemulsanosol, the same biopolymer was able to bind 2125 equivalents of
cadmium This represents a 60% mcrease mn binding over that observed with the
biopolymer free in solution The results are m agreement with previous results
obtained for binding of both uranyl 1on as well as the organic cation thodamme The
results are consistent with the notion that the biopolymer undergoes a conformational
change at the oil/water mterface of a biopolymerosol which enables greater than
storchiometric binding Moreover, when the apoemulsanosol contamning the bound
cadmium was washed 1 solutions at different pH, the cadmium could be completely
removed by lowening the pH below 3 05 (the pKy, of the uronic acid residues)
4 DEVELOPMENT OF A MODEL SYSTEM FOR METABOLIC
ENGINEERING OF NEW PATHWAYS INTO ROBUST,
ENVIRONMENTALLY USEFUL BACTERIAL STRAINS

The approach taken here was to develop models for metabolic engineermg of
the oil-degrading RAG-1 strain which we have found to be quite robust in various
environmental situations The spectrum of hydrocarbons normally degraded by
RAG-1 mcludes straight chan aliphatic hydrocarbons (C12-C20) The model system
chosen was to mtroduce the genes for aromatic degradation from the o/ plasrmd of
Pseudomonas putida imto RAG-1 and select for strains which retained their ability to

grow on crude o1l, produce emulsan, and exhibat all of the properties of the origimal



strain coupled with the expression of new genetic potential for degrading aromatic
hydrocarbons Two general approaches were used to engmeer RAG-1 to grow on
aromatics

4a Conjugation

In the first approach the entire pTOL was mtroduced by conjugation from the
parent orgamsm mto RAG-1 selecting for kanamycin resistant ex-conjugants capable
of utihizing toluene or xylene as sole sources of carbon and energy The conjugation
was carried out mn a iriparental mating system i which £ coli carrymg pRK200 was
used as a helper to promote the transfer of pTOL from P putida into RAG-1 selecting
for kanamycin resistance on plates containmng crude o1l as a carbon source (to select
against the donor and helper strains, respectively and kanamyecin as a marker to select
agawmnst the reciprient  Exconjugants were then screened for their ability to grow on
plates supplemented with either toluene or xylene as carbon sources in the vapor

phase

4!



4b Recombination mnto the chromosome

Results from the conjugation experiments demonstrated that RAG-1 was able
to grow on benzoic acid via the ortho- pathway I, therefore seemed reasonable to try
to engineer RAG-1 to grow on aromatics, by introducing the so-called "upper" xy/
operon mto the chromosome In the second approach, the xy! "upper” operon
together with xy/ R was introduced as a 13 kb insert mnto the est gene and the entire
construct flanked on both sides with the 500 b p of the est was cut out of the construct
usmg Sph I and subsequently extracted from an agarose gel This hinear fragment was
then introduced mnto RAG-1 via electroporation and recombmants were selected
which had the ability to grow on toluene Recombimation into chromosome occurred
via homologous recombination between the est flanking sequences, and the est 1n the
chromosome Recombinants were then screened for emulsifier production, growth on
crude o1l, adherence to hydrocarbon, and esterase activity Genomic DNA of the
recombinants was extracted, cleaved with Sal I to yield an 8 kb fragment which was
probed with erther est or xy! R 1n Southern hybnidization experiments In addition,
PCR analysis was used to amplify both xy/ R and est from the chromosome 1 order to
demonstrate the presence of specific sequences followmng recombination
5 STUDIES ON THE BIOSYNTHESIS OF THE CATION BINDING
BIOPOLYMER EMULSAN DISCOVERY OF A NEW GENE
POTENTIALLY INVOLVED IN A SIGNAL TRANSDUCTION PATHWAY
CONTROLING BIOEMULSIFIER SYNTHESIS

Thus far, little 1s known concerning neither the organization nor the regulation
of the genes required for emulsan production We have therefore imtiated a study of
these aspects of emulsan production and present here our preliminary results The

overall scheme for this part of the research 1s outhned m the flow dragram illustrated
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below A genetically modified denvative of Tn10, mimi-TnlOPtKm (developed by
our cooperative partner 1n this project, V de Lorenzo) was used for 1solating
emulsan-defective mutants of 4 woffit RAG-1 The plasmmd was transferred 1n plate

matings from E coli S17[(Apir)(pLOFPttKm)] to 4 Iwoffirt RAG-1, and selecting for

kanamycin resistance  Emulsan deficient transconjugants were 1solated on the basis
of their charactenstic translucent colony morphology The transconjugants were then
screened for resistance to phage ap3 which utilizes cell-bound emulsan as receptor In
addition, the mutants were screened for extracellular emulsifying activity using the a
standard assay The mm-Tnl0Km" was labeled using the DIG system and used as
probe 1 Southern hybnidization expenmments with EcoR 1-digested genomic DNA of
the nsertion mutants Thus far 26 mutants were screened The approach includes
clomng specific fragments mnto nto pUCI18 and subsequent sequencing with the help
of the automatic sequencing unit provided by the Faculty of Life Sciences Thus far,
the entire prk (protein tyrosine kinase) gene from RAG-1 along with the p#p
(phosphotyrosine phosphatase) gene were completely sequenced Expermments are
currently i progress to characterize the biosynthetic mtermediates which may
accumulate in the mutants In addition, phosphorylation studies and the punfication
of PTK and PTP are currently underway Finally, the entire regulon has been cloned

and sequencing studies are currently underway



Flow diagram 1illustrating the research plan for studying the biosynthesis and

regulation of emulsan production
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Figure 12 The probe mm-Tnl0 was DIG labeled and hybridized to
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1 Introduction and bachground

During the period 1996-1998 studies were conducted to investigate the various microbial
strains 1n order to characterize their ability to produce bicemulsifying agents There are major
sources of pollution 1in a variety of industries m Kazakstan and we hope to investigate the
potential exploitation of microbial biodegradation and biosurfactant production as approaches to
clean-up technology of this pollution The increasing the availability of hydrocarbons to
microorganisms 1s useful method to accelerate the rate of biodegradation at contaminated sites
There are also many another applications of microbial surfactants because the study of them role
in different processes which are connected with there ability to mediate the adsorption to or
detachment from an interface 1s extremely useful with the point of view of the utilitanianism

approach

2 Objectives
The ultimate goal of this project 1s to develop a technology for the 1solation, production
and characterization of specific microbial biosurfactants for aplication 1n pollution control and

environmental mamenance Specific objectves are



I To develop a screeming program for the 1solation of surfactant-producing organisms
which produce biosurfactants and surface active biopolymers with novel properties

2 To 1solate, characterize and compare microbial biosufactants from existing strains and
newly 1solated organisms

3 To mvestigate the physiological characteristics of growth and biosurfactant production

with selected strains chosen on the basis of results obtained from Objectives 1 and 2 above

3 Materials and Methods

Microorgamism stramns We have concentrated on two bactenal and two yeast strains |
Pseudomonas alcaligenes, 2 Acetobacter acet: and 3 Rhodotorula glutimisivar glunns, 4
Candida kruser (collection of Institute of Microbiology and Virology, Ministry of Science -
Academy of Science, Republic of Kazakstan) This cultures produce bioemulsifying agents
under growth 1n muneral hiquid medium with a smgle source of carbon which is ethanol We
have previously shown that all of these strains produce biosurfactants

In addition, we have also focused some attention on a new bioemulsifier produced by
the iron-oxidizing orgamism Thiobacillus ferrooxidans T ferrooxidans 1s a gram-negative

obligate chemolithotroph active 1n the bioleachmg of minerals The basis for working with this

strain was the fact that bacterial adhesion which 1s the imtial step in bactenal bioleaching
changes the surface properties of pynte in crushed fine coal from hydrophobic to hydrophilic
We hypothesized that such a change may be related to the the production of new microbial

biosurfactants

Medium and growth conditions
A single colony from plates with nutnent agar was incubated mto tubes with nutrient

agar fron | to 9 days These cultures served as moculums for growth experiments All strains
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were cultivated 1n a mimimal ethanol salts medium (8E medium) containing (per 11,t6r of water)
1,5 g of (NHs):HPOs, 1 g of KHpPO4, 0,5 g of NaCl, 0,8 g of MgSQ,, and 5,10,0r 20 ml
absolute ethanol provided as sole source of carbon and energy Volume of medium wn
Erlenmejer flask was 125 m]l Cultures were grown on shakerumit with 180 rpm, at 30°C and
growth was momitored by absorbence at 540 nm with a photocolonmeter FEC-56M starting
with initial concentration 20-30 mg/ml (dry cell weight)

Mimmal agar media was liquid 8E media solidified with 2% agar On this media growth
was determined viablity

Cell surface hydrophobisity index (H%) The mucroorgamsms were grown at 30°C
with shaking 1n nutnent broth or in 8E medium, harvested at different growth phases and
resuspended 1n 8E medium to an imutial absorbance at 400 nm to approx 0,3 To test tubes (10
mm diameter) contaimng 1,8 ml cell suspension were added 0,2 ml n-hexadecane Following 10
min the mixtures were agitated uniformly for 2 min After allowing 10 mun for the hydrocarbon
phase to rise completely, the aqueous phase was care fully removed with a Pasteur pipette and
transferred to a cuvette Light absorbance was determuned at 400 nm, usmg photocolonimeter

FEC-56M Data are presented as H (%)

H (%) = 100 - (Dexp x 100)/Deontr,
where H (% hydrophobicity index,
Dexp 400nm),
Deoner - Optical density of suspension (400nm)
Emulsification assay For determination of emulsifying activity in the cell-free culture
broth we used a standard emulsification assay wich 1s based on emulsification of a mixture of
0,2 ml of hexcadecane 2-methylnaphthalene (1 | [v/v]) in 2 ml broth After the mixture was

shaken for 2 min at 25° C it was allowed to stand unshaken tor an additional 10 min after which
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the turbidity of the stable hydrocarbon-in- water emulsion was measured at 600 nm 1
photocolorimeter FEC-56M

Surface tension The surface tension of the biosurfactant solutions was measured by
the method of Wilgelm: using the tensiometer of Dyu-Nu

Growth on different hydrocarbons In order to determimne the capacity of strain to
grow on different hydrocarbons, microorganisms were cultivated erther on munimal (8E) solid
agar medium or in liquid media (8E) supplemented with the following hydrophobic substrates as
single source of carbon gasoline, kerosene, diesel fuel, vaseline oi1l, sunflower o011, hexadecane,
and crude o1l (2% [vol/vol])

Hydrocarbon dispersion assay The emulsification of a variety of pure hydrocarbons
and muxtures of aromatic and aliphatic hydrocarbons was tested in order to determine the
biosurfactant hydrocarbon substrate specificity The range of oils and greases included
gasoline, kerosene, diesel fuel, vaseline o1l, marganne, sunflower o1l, hexadecan and crude oils
1,2,3, respectively  Crude o1l | contamns paraffins, crude oil 2
crude o1l 3 For screeming we used standard
assay wich 1s based on measuring the increase 1n turbidity resulting from the emulsification of
some hydrocarbons following reciprocal shaking (180rpm) for 2 h at 30°

Crude preparations were obtained by centnifugation (at 10,000 x g for 10 mun) of cultures
which were grown in mummal liquud medmum The cell-free supernatant fluids stored as a
lyophilized powders

Cetyl trimethyl ammonium bromude (CTAB)-tolerance assay The CTAB-tolerance

assay 1s based on exposure of cells to various CTAB concentrations in defined minimal media
(8-E) or drinking water with series of culture tubes contaiming 1,9 ml of medium (or water) and
increasing CTAB concentrations up to 30 mg/l at intervals of 2 mg/l The cultures were shaken

at 30°C for 24 h At the end of the incubation the cultures were examined for growth CTAB

NY
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tolerance (expressed in muiligram of CTAB per mulliliter) was determined as the highest

concentration of the detergent 1n the presence of which growth occurred

4 RESULTS

Our results showed that CTAB tolerance of yeast Rhodotorula glutinis var glutinis 1s 22
mg/l, CTAB tolerance of yeast Candida kruse: and bactena Pseudomonas alcaligenes are 28
mg/l When we used water with CTAB 1nstead 8-E media yeast Candida kruser did not
demonstrate growth on the solid media after incubation with toxic cationic surfactant

To mvestigate aggregation of bactenia Pseudomonas Icaligenes Acetobacter acet: and
yeast Rhodotorula glutims var glutims, Candida the cell surface hydrophobicity index (H%) as
flocculation factor was defined In some phases of growth negative H% were obtamed for P

Icaligenes, A aceti, R glutius mn the first day of cultivation on nutrient broth and for C kruser
- n the third day of growth on mineral liquid medium (Fig 1)

The negative H% was not described earhier It was possible when optical density 1n test
vanant 1s more then 1n control In this situation cells had capacity to disperse the hydrophobic
substrate, to adsorb on droplets and to keep 1ts in water As result the optical density mcreased
Emulsifying activity of cultural liquid was found when H% was negative We suggest, that the
cell-bound biosurfactants are able to keep the hydrophobic droplets in water and cell itself
carmies a function of surface active molecular This property we called as

"hyperhydrophobicity”, and the phenomena as "effect of hyperhydrophobicity”
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Figl Cell surface hydrophobicity index (H%) and emulsifying activity culture
medium under bacteria Pseudomonas lcaligenes Acetobacter aceti and yeast
Rhodotorula glutimis var glutinus, Candida krusei grouth in a mmimal ethano! salt medium

(1,2,3,5) and 1n nutrient broth (4)
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Fig2 Light micrograf showing cells Pseudomonas alcaligenes (1 2,3), Candida kruse:
(4) and Rhodotorula glutimis var glutius (5) adhenng to diesel fuel droplet folowing mixing

(800"

Table 1 Hydrocarbon utilization

Hydrocarbon substrate

Medwum | Culture Ben- | Kero-| Diesel| Vazeli- | Sunflo- | Hexa-| Crude o1l

zimne |sene |fuel |neoill |weroil |decan/l 1 [2 |3

Solid P alcaligenes

munmal | A acet - + + - + + - -] -

medium | R glutims

Liqud P alcaligenes

muumal | A aceti

medium | R glutirus




Solid P alcaligenes

mummal | A acett - + + - +
medium | R glutimis

Liquid P alcaligenes

mumumal | A acefs

medium | R glutinis

Crude preparations of P

10

lcaligenes, C kruse1, R glutinis biosurfactants were obtained

on synthetic medium without growth factors and with ethanol as a sole carbon source (10 g/1)

To demonstrate surface-active properties decrease in water surface tension when different

concentrations of dry preparations were added, dependence of the decrease n the surface tension

on pH of solutions (Fig 3) The preparations (1%) showed themselves as 1ongenic surface-active

agents which decreased the water surface tension (72,75 mH/m) P

R glutimis - 47,4 mH/m, C kruser - 48,5 mH/m
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Fig 3 Surface tension of P alcaligenes, C krusei and R glutiis crude

biosurfactant preparate solutions (lyophilized cell-free supemnatants )

X

P alcaligenes,

O C krusey,

A R glutius
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The ability of biosurfactants to emulsify a hidrophobic phase (various types of o1l and

hydrophobic components The preparation of R glutimis dispersed maximum the o1l at pH=9,
and P lcaligenes - at pH=5 Both preparations emulsified the margarine very well at pH=7

However, C kruse1 preparation did not interact with o1l and margarine (Tab 2, 3)

Table 2 Special emulsifying activity of crude biosurfactants under formation o1l 1n water

emulston, w/mg d w biosurfactant

-1n-

Strain

Hydrophobic pH
substrate 5 7 9
P alcaligenes o1l 1 183,5 145,0 71,0
ol 2 15,0 52,5 63,5
o1l 3 1225 14,5 91,0
C kruser o1l 1 8,0 2,5 4,5
o112 9,5 2,0 33,5
o1l 3 8,0 1,0 48,5
R glutinis oil 1 72,5 70,5 570,5
oil 2 96,0 18,5 137,5
o3 78,0 111,0 3125
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Table 3 Special emulsifying activity of crude biosurfactants under formation margarine

n water emulsion, wmg d w biosurfactant

Strain pH
5
P alcaligenes 129,0 140,0 110,0
C kruser 23,5 6,0 26,0
R glutims 252,0 348,0 180,5

Table 4 Special emulsifying activity of R glutinis crude biosurfactant under formation

hexadecan in water emulsion, wWmg d w biosurfactant

Biosurfactant concentration, % 0,25 0,50 0,75 1,00 1,25
Special emulsifying activity, wmg d w
biosurfactant 106,6 |213,3 |210,0 |209,7 |200,8

Pseudomonas alcabgenes The results of study of Pseudomonas alcaligenes optimal age

and quantity of tnoculum for maximum synthesis of extracellular emulsifying agent are given

At first bactena of P alcaligenes were grown in bactenal agar, next - in mineral hqud

medrum 8-E with a single source of carbon which was ethanol (10g/1)

Influence

the

moculum age and quantity on the synthesis of emulsifying agent was evalueted by 2 stages The

first was an observation ot P alcaligenes which was grown in medium 8-E from one-day and

four-days moculums These mnoculums were cultivated on bactenal agar After the growth

AN
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one-day bactenal culture 1o 8-E medium 1t became an 1mnoculum for the second passage 1n 8-E
medium On this second stage the inoculum 1 different volumes - 3, 5, 10 ml , on dry weight
accordingly-1,5, 3,0, 4,5 mg/1, was put into flasks

Daily P alcaligenes culture obtamed from one-day and four-days moculum had no

ditferences on biomass, emulsifying activity (EA) of cultural liquid and cell productivity (table

5,6)

Table 5 Pseudomonas alcaligenes cultivation conditions used under passage 1

Inoculum age, Medwum of V of medum, | Concentration of | Dry weight of
day cultivtion ml ethanol, g/l moculum, g
1 8-E 125 10 0,015
4 8-E 125 10 0,012

Table 6 Pseudomonas alcaligenes cultivation parameters obtained under passage 1

Daily culture of P alcaligenes m § - E medium
Inocu- Opt Emulsifymg | Em Special em Yield of Yield of Cell
lum age, | density activity,umut | activi- | activity, w'mg | biomass g | emulsifier | productivity
day | (540nm) of ty, dw of dry weight/L gdry |gdw ofem/
of opt density, | wml emulsifier weight/L gdw of
culture Asoo biomass
medium
l 1,9 1§ 900 15,5 1,3 5.8 45
4 2,0 1,7 800 13,5 1,6 6,3 40
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The P alcaligenes culture after the second passage in hiquid medium 8-E was observed
for 3 days The process of biomass and EA were more tensive m vanants which were
developed from the four-days noculum Bactenal growth from 3ml and 5ml inoculums were
identical Maximum biomass was observed on the first day and maximum of EA - on the second
day The bacterial growth from 10ml inoculum was like the above-mentioned variants, but EA

was two times below (table 7)

Table 7 Pseudomonas alcaligenes cultivation parameters obtained under passage 2

Inocufum Time of Vof Emuls Yield of Yield of Cell Special
age under | cultivation, | moculum, | activty, | biomass g | emusifier g | productivity, g | em act
passage |, day ml w/ml dw/L dw/L dw ofemul/g | wmgdw
day d w of biomass | emulsifier
3 25,0
1 0 5 35,0
+ 10 60,0
3 460 0,5 3,85 7,7 11,9
I 1 5 385 0,92 4,16 4,5 9,3
10 400 0,8 41 5,1 9.8
3 230 0,43 3,75 8,7 6,1
1 2 5 275 0,66 3,95 59 6,9
10 275 0,5 4,7 9.4 5.9
3 330 0,73 34 42 9,7
l 3 5 300 053 40 76 75
10 230 0,75 3,9 52 59
3 150
4 0 5 45,0
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10 65,0
3 475 1.2 6,0 5,0 7,9
4 1 5 420 1,5 6,5 43 6,5
10 550 1,63 5,4 3,3 102
3 1000 10 5.4 5.4 18,5
4 2 5 1050 1,18 53 4,5 19,8
10 550 096 5,0 52 110
3 725 1,28 44 34 16,5
4 3 5 850 1,35 5.9 44 14,4
10 520 1,03 5,6 54 93

Differences on biomass and EA among vanants P alcaligenes culture grown from
pnimary daily inoculum was not considerable These populations were less active than those
from four-days inoculum In maximum ponts biomass and EA were 1,5-2,0 times below
Availability of EA mimimum points suggest that deemulsifying agent was present In order to
check 1t we determuned EA 1n cultural mixture with different primary EA For example, 2,1 and
0 6 umt of the optical density We obtamed total EA equal to 1,95

Cell productivity and specific EA were determined for all vanants As shown in table 2
the specific EA 1n maximum points of EA of population grown from four-days inoculum was
1,6 times higher than 1n the culture from one-day moculum

Thus, to obtain active inoculum of P alcaligenes in mineral liqmd medium 8-E 1t 1s better
to use four-days culture grown on bactenal agar( Fig 4) The optimal quantity of mnoculum 1s to
be from 1,5 g/l up to 3,0 g/t

The emulsifier Pseudomonas alcaligenes was prepared from the cell-free supernatant of
a culture of ethanol-grown cells Microbial surfactant produced by bactenum Pseudomonas

alcaligenes 1s termoresistant (to 80°C), extracellular polysacchande-protein complex (containing

a 2 | molar ratio of polysacchande to protein) of mol wt within 3,5-6,0 kDa This emulsifying
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complex m culture media was able effectively to form stable emulsion of sunflower o1l in water
A breakage of the emulsion on 50% occurs through eight days Concentrated 1n 3 times culture
liquid 1nteracted with the muxture n-hexadecane and 2-methylnaphthalene with forming an
emulsion, 50% breakage ot which approached 1n 24 hours, but full dismteraction - through

16-18 days

™ g
2 1 P g
>) 6 4 S
= 15 g
P i AV
?_\’;9"5 1 =

O 24 -
n : < 15_}
| 3 E
= 2 - L
) x
ﬁ 1 S 05 3

Q + 0
Q 1 2.\\7.\3""\3

Fig 4 Pseudomonas alcaligenes biomass, emulsifying activity of
cultural medium and cell productivity from four-days inoculum,

passage 2

In order to study growth of the culture on diesel fuel strain P alcaligenes was grown on
a mimmal salts medium containing 0 5% (v/v) diesel fuel as carbon source During a period of
10 days the cultures were examined for biomass and substrate emulsification (Fig5) Cell
biomass was followed by measuring turbidity at 540 nm The culture showed relauvely high
turbidity following the first 24h of growth and thereafter However, this turbidity was

complicated by the presence of both cells and emulsified o1l droplets
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Fig 5 P alcaligenes grouth dinamic and emulsification of diesel fuel

As shown in Fig 6, the interraction bacteria with diesel fuel were examined under the
light microscope The Pseudomonas strain formed highly aggregated flocs whose formation did
not appear to be dependent on growth on the diesel o1l Interestingly, the Pseudomonas strain
produced smaller droplets i the order of 5 microns mn diameter and the cells were easily
separated from the hydrophobic sustrate by centnifugation SDS had no effect on the
Psedomonas cultures, the highly aggregated cells remained as flocs The culture resulted in the
formation of stable emulsions suggesting that 1t produced bioemulsifiers and/or biosurfactants as
a result of growth on diesel fuel Experiments are currently in progress to isolate and
characterize the emulsifier(s) produced by the cells on diesel o1l and to compare them with the
extracellular products produced by the cells grown on ethanol
Modification of a polymer carrer when it interacts with a mucrobial surfactant (P
lcaligenes) which 1s used as a receptor support in immobilization of Lactobacillus lactis

producing lactic acid on foam polyurethane was studied Foam polyurethane was kept i 2%

Sl
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solution of the biosurfactant at 37° C for 48 hours and was immersed m suspension of twice
washed cells of Lactobacillus lactis (0,018 g/ml) at 22° C for 24 hours with constant stiming
Then the time of sorption equilibrium establishment, specific sorption, desorption and the yield
of lactic acid were determmed Such method of treatment was proved to bring about
modification of the polymer carrier The time of sorption equilibum establishment for
untreated foam polyurethane was found to be about 16 min and for a modified one - 6 min The
specific sorption was about 5,1 1x10° cells/g and 2,00x10'° cells/ g, respectively The desorption
rate decreased by a factor of 4 when foam polyurethane was treated with the biosurfactant, and
the yield of lactic acid increased by 1% The studies we have done showed that modification of
polymer carriers using biosurfactant of P lcaligenes may be an effective techmque for

biotechnological processes in adhesion immobilization of microorganisms



Fig 6 Pseudomonas alcaligenes cell adhesion to diesel tuel droplets at the first (1),

second (2,3) and thurd (4,5) days of cultivation (8007)

Table 8 Extracellular biosurfactants

. characteristics before and after partial punification

produced by Pseudomonas alcaligenes

Polymer type Pattern (sample) Emuls activty, | Dry weight
type opt density, emusifier g /L
(600nm)
Extracellular biosurfactants | Cell-free supernatant 1,17 3,98 0,05
Id after dlialyze 1,35 0,40 0,05
Id after freeze-drying 1,35 0,40 0,05
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Fig R glutims emulsifying activity and biomass on different mediums (I 8-E, 2

Rider, 3
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Fig R glutimis growth on different carbon sources 1 - ethanol (10 g/1), 2 - ethanol (10

g/!) + sunflower o1l (0,25 g/1), 3 - ethanol (10 g/l) + kerosene, 4 - ethanol (10 g/l) +benzine

o 04
3

-2 W

a2 a2
ES

AR

o




-

22

Fig R glutimis emulsifying activity under the usind moculum of different ages 1l-

3-days-inoculum, 2 - 5-days-inoculum, 3  7-days-moculum, 5 9-day-inoculum

Fig R glutims emulsifying activity under the usind synchronized moculum of different

Chyy

PYILIPOY|D

ages 1- 3-day-inoculum, 2 - S-day-inoculum, 3 7-day-imnoculum, 5 9-day-moculum

Table 9 R glutims cultivation parameters obtamed under optumization of grown

»

conditions and with using 5-day-inoculum

Time of Emuls Yield of Yield of Cell Special em
cultivation activty biomass, g emusifier g productivity, g act opt
day opt density, dw/L dw/L dw of emul/g | density (600
{600nm) d w of bromass | nm)/mgd w
emulsifier
0 0,07 - - - -
1 040 1,83 1,54 0,84 0,256

bl
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2 1,05 3,00 2,83 0,94 0,371

3 2,40 3,75 3,54 0,94 0678

The potential of R glutius extracellular biosurfactants and cell surface-bound polymers
to complex platinum group metal (Os) was investigated

The amount of free and bound osmmum was determined spectrophotometnically The
mnitial osmium 10n concentration in solution was 0,1 mg/ml

R glutimis extracellular biosurfactants were prepared from the cell-free supernatant of a
culture of ethanol-groun cells Cell-free supernatant fluid was obtamed by centnifugation of
culture at 5 000 x g for 10 min Suprenatant was filtered across membrane filter for yeast cells,
dialyzed agains distilled water, and freeze-dried

R glutirus cell surface-bound polymers were prepared from the cells of ethanol-groun
culture Cells- were obtained by centrifugation of culture at 5 000 x g for 10 mun The cell pellet
was washed twice in 8-E media without ethanol and suspended to 2% EDTA solution (pH 8,0)
The suspension was mixed on shaker at 30°C tor 2 h and after centrifuging, cell-free supernatant
was filtered across membrane and dialyzed agains distilled water Cell surface-bound polymers
were precipitated by isopropanol with 4% of sodium chlonde at 4°C and dried at room
temperature

In sorption experiment dry powders of R glutims extracellular biosurfactants and cell

surface-bound polymers were added to Os contamnign solution to a final concentration of 1

L
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mg/ml and mixed on shaker at room temperature for 30 min The polymers were then separated

from solutions by ultracentrifugation In Os recovery from gas phase experiment the precipitates

were suspended 1n water to a final concentration of | mg/ml and were used for complexation of

osmium during 3 hours

Emulsion was prepared by shaking of a mixture of 1,5 ml vaseline o1l and 8,5 ml of

aqueus solution contammuing 10 mg R glutims extracellular biosurfactants and used for

complexation of osmium from gas phase during 3 hours Osmium binding to emulsion was

determined after separating the aqueous phase from vaseline ol droplets by centrifugation at

6000 x g for 20 mm Binding of osmium to vaseline o1l 1n water emulsion(no biopolymers)

served as control and was measured after breakage of system into phases

The data summarnized in Table 8,9,10

Table 10 Extracellular biosurfactants, cell surface-bound polymers produced by R

glutimus charactenistics before and after partial punfication

Polymer type Pattern (sample) Emuls activty, | Dry weight
type opt density, emusifier g /L
(600nm)
Cell surface-bound polymers| Washing solution 0,45 0,74 0,08
Id after dlhalyze 0,37 0,68 0,04
Id after freeze-drying 0,32 0,68 0,02
Extracellular biosurfactants | Cell-free supernatant 2,4 3,54 0,05
Id after dhialyze 2.2 3,05 0,05
Id after freeze-drying 1,95 3,05 0,04

LY
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Table 9 Osmium complexation (brosorption) capacity of extracellular biosurfactants and

cell surface-bound polymers produced by R glutinus

Polymer type Cell productivity, gd w | Complexation

of crude polymers/gdw | capacity,

of biomass % {
Cell surface-bound polymers 0,3-0,5 4,25+0,25
Extracellular biosurfactants 0,8-1,0 7,70+0,25

Table 11 Osmium complexation capacity of extracellular biosurfactants, cell
surface-bound polymers produced by R -1n-

extacellular biosurfactants of R glutinis during 3-hours contact with Os containign gas phase

[ Polymer type and hydrophobic substrate | Pattern (sample) Complexation
type capacity, %
Extracellular biosurfactants Solution 0,060
Extracellular biosurfactants Freeze-dried solution 10,068
Cell surface-bound polymers Solution 0,025
Cell surface-bound polymers Dried solution, 20°C 4,350
Extracellular biosurfactants+vaseline o1l | Emulsion 0,0834
_

(4



PE

Extracellular biosurfactants+vaseline o1l

Dried emulsion, 50°C

13,996

Vaseline o1l 1n water emulsion

Vaseline o1l

0,00

26



APPENDIX I

Photos of new laboratory m Almaty, Khazakstan
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