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1 INTRODUCTION

Pollutton treatment, abatement and envIronmental mamtenance are among the

most Important challenges to any natIon One bIOtechnologIcal approach to tms

problem IS the development ofnew surface acttve substances, btosurfactants, whose

applIcatIOn to VarIOUS envlfonmental problems IS lIkely to assume mcreasmg

sIgmficance We forsee the potenttal for relattvely mexpenSIve appltcattons m a

vanety ofareas such as sludge hqUIficatton and bIoremedIatIon, heavy metal sorptton

and concentratIon, enhancement ofbIOremedIatton ofhydrophobIc pollutants such as

pestIcIdes, xenObIotIcS, solvents, explOSIves, cleamng etc In thts regard It should be

noted that I There IS no umversal surfactant formulation wmch can be used m every

apphcatIon, 2 Only relattvely few orgamsms have been screened for blosurfactant

productIOn, 3 Blosurfactants compete favorably WIth non-toXIC chemtcal surfactnats

wmch are expenSIve and frequently reqUIre formulatIon WIth other more tOXIC

matenal, 4 Non-tOXIC bIOsurfactant formulatIons mIght compete favorably WIth other

matenals used m a vanety of mdustnal appltcatlOns such as cosmettcs, health care and

food mdustnes

The ulttmate goal ofthts project IS to develop a technology for the IsolatIon,

productIon, and charactenzatton of specrfic mtcroblal blosurfactants for applIcatIon

m pollutIOn control and envlfonmental mamtenance SpeCIfic objectIves are

I To Isolate, charactenze and compare mIcrobIal btosurfactants from eXlstmg

strams and newly Isolated mIcroorganIsms

2 To develop a screemng program for the Isolation of surfactant-producmg

orgamsms wmch btosurfactants and surfaceacttve btopolymers WIth novel propertIes



3 To InvestIgate the physIOlogIcal charactenstics of growth and bIOsurfactant

productIon WIth selected strams chosen on the basIS of results obtamed from

ObjectIves 1 and 2 above

In addItIon, dunng the course of thIS work, we developed addItIonal

approaches for the productIon of novel surfactant fonnulatIOns based on the

mteractIon of specIfic protems and vanous polysacchandes ThIs work whIch IS

currently m progress, WIll also be presented m thIs report Fmally, we have receIved a

report directly from the laboratory ofour colleague Dr Manasbaeva, who has

submttted a report on her findmgs Thts work Wlll also be mc1uded

2 NEW BIOEMULSIFIER-PRODUCING STRAINS.

Prelumnary results of a screenmg program for new bIOsurfactant producmg

strams were descnbed In our first progress report A senes of strams able to grow on

crude 011 were Isolated by ennchment culture from a SOlI sample and screened for

bIOemulsificatlOn propertIes The results are shown In Table 1 As expected, all of

the strams produced some emulsIfymg actIVIty although they dId exhibIt dIfferent

propertles For example, strams DG20, DG44, DG121, DG122 all produce

emulsIfymg actlvity whIch IS assoclated WIth the cell surface Interestmgly, thIs

actIVIty frequently depends on the growth substrate For example, DG20 produced

cell-assocIated blOemulsifier when grown eIther on glucose or on hexadecane

SImIlar results were found for DG44 These two strams produced lIttle extracellular

emulsrfier In contrast, however, DG121, produced COptUS amounts of cell-free

emulsIfymg aCTIVIty, yet also produced sIgmficant quantITIes of a cell-bound polymer

Interestlngly, DG121 produced both cell-bound and cell-free emulsIfymg actIVItIes

only when grown on hexadecane SImIlarly, stram DG39 and DG122 produced

emsulsIfymg aCTIVIty m the cell-free broth only when grown on hexadecane



As shown m Table 2, the cells of strams producmg the new bIOsurfactants

vaned m then adherence to hydrophobIc surfaces Strams DG39, DG44, DG120 and

DG12l resembled RAG-1 m then aVId adhesIOn propertIes to hydrophobIC surfaces

InterestIngly, strams DG 21, DG47, DGl19 and DG123 strongly adhered to

hexadecane when grown on the hydrocarbon substrate, but exlnblted severely reduced

adherence propertIes when grown on the water soluble carbon source TIns most

lIkely reflects a carbon source dependent productIOn of the hydrophobIc fimbrae

wmch generally mediate the adhesIOn of mIcrobIal cells to hydrophobIc surfaces

One of the InterestIng features of the bIOpolymer emulsan IS Its ablhty not only

to emulSIfy hydrocarbons, but also ItS abIlIty to prevent the adheSIOn of other

orgamsms to hydrophobIC surfaces It was ofmterest therefore to compare the

emulsan anti-adheSIOn actiVIty WIth the those of the new straIns (Table 3) Smce

DG44 was the most adheSIve of the new strains, we tested the ablhty ofthe vanous

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 ofDG44, nor the extracellular products DG47 or DG119

were partIcularly effectIVe m preventmg the adheSIOn ofDG44 The other emulSIfiers

showed mtermedlate actIVItIes m adherence mmbitIOn These studIes, along WIth

others deSIgned to punfy and determme the structures of the vanous emulSIfiers, are

currently m progress
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DG122

Hex

Glucose

Hex

1396

598

1119

155

<10

<10

440

<10

180

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

on ethanol

** These cell cannot use pure hexadecane as sale carbon source They can grow on

crude OIls

*** dry cell welght



Table 2 Adherence ofhydrocarbon-degradmg ffilcroorgamsms to hydrophobIc

surfaces

Stram Growth Substrate Adherence to Hexadecane

%

RAG-l Ethanol 78

Hexadecane 98

DG20 Glucose 33

Hexadecane 52

DG21 Glucose 42

Hexadecane 87

DG39 Glucose 66

Hexadecane 83

DG44 Glucose 100

Hexadecane 100

DG47 Ethanol 23

Crude 011 88

DGl19 Ethanol 2

Hexadecane 94

DG120 Glucose 62

Hexadecane 85

DG121 Ethanol 96

Hexadecane 89

DG123 Glucose 27

Hexadecane 100

1



Adherence to hexadecane was momtored III a standard adherence assay III whIch

o2ml hexadecane was VIgorously mIXed on a vortex mIxture for 3 mmutes WIth 1 ml

of overmght washed culture (500 KU) ofeach stram grown on the mdicated carbon

source and allowed to settle After separatIon of the phases, the turbIdIty was

measured Percent adherence was calculated as (I-T/SOO) X 100



Table 3 Effect ofbIOetnulsrfiers on adhesIOn of stram DG44 to hydrocarbons

Source ofemulsIfier

None

Emulsan

DG20*

DG21

DG39

DG44*

DG47

DGl19

DG120

DG121*

Percent adherence

100

15

35

32

3

56

89

68

2

23



DG121**

DG122

o

44

*~ The source of the emulsIfier consIsted ofwashed cells

**- The source ofthe 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

ampmpatmc blOpolymers to mclude new formulatIons for blOemulsrficatIon and

catIon bmdmg In thIS portIon of the work, we used two baSIC approaches 1

ReconstItutIon of emulsrfymg actIvIty usmg protem polysacchande formulatIOns, and

2 GenetIc engmeenng ofmIcrobIal polysacchande to generate new bIOpolymers

whtch could then be mcluded m the program to test novel formulatIOns

3a ReconstItutIon of actIVItIes usmg protem polysacchande formulatIons.

In the first approach we explOIted the fact that hydrophobICIty of emulsan IS

enhanced when It IS non-covalently complexed WIth crude protem preparatIons In the

current project, protem was used to reconstItute the emulslfymg actIVIty of

apoemulsan towards very hydrophobIC substrates such as hexadecane TIns

reconshtutlOn was acmeved WIth a cloned overexpressed, IDs-tagged esterase whIch

was punfied by affimty chromoatography on a mckel column usmg the T7 expressIOn

system PreVIOUS results had mdIcated that the esterase was a cell-surface protem

mvolved m emulsan release from the cell surface Moreover, the amphtpathtc

bIOpolymer could be partlally deacetylated by eIther the RAG-I enzyme or the

recombmant enzyme Clonmg of the enzyme m E cob was based on the abIlIty of the

recombmant protem to confer on E cob the ablhty to utilIze stmple tnglycendes as

sole sources of carbon and energy In addItIOn to the WIld-type esterase, we employed

standard technIques to Isolate slte-drrected mutants blocked eIther m the catalytIc tnad

of the esterase, or m several other SItes aparently mvoled m protem foldmg of the

RAG-l enzyme In addItIon to affimty chromatography, the esterase was occasIonally

punfied on a monoQ column usmg a Pharmacla FPLC mstrument



Use ofesterase m reconstztutzon ofhydrocarbon emulsifymg actzvzty

For reconstitution expenments, vanous concentrations of the recombmant

esterase (eIther WIld-type or mutants) were ITI1xed WIth dIfferent blOpolymers (at

varymg concentratIons) mcludmg apoemulsan, the capsular polysacchande from

Acmetobacter calcoacetzcus BD4, colamc aCId from E cob, the capsular

polysacchande from Erwlma stewartu (termed stewartan), and the capsular

polysacchande from Erwlma amylovora (amylovoran) The protem polysacchande

Inlxtures were assayed for emulsIfication m a standard emulsIficatIon assay usmg

hexadecane 2-methyl naphthalene (2 1) as the hydrocarbon substrate (as descnbed

prevlOusly) In addItIon, emulsrficatlon ofhexadecane alone was also momtored

These emulSIficatIOn assays were also repeated usmg several of the esterase mutants

m place of the WIld-type recombmant enzyme

Use ofesterase m cadmium bmdmg

In addItIon to emulSIOn formatIOn, "polymerasols" were generated accordmg to the

procedures descnbed for preparmg apoemulsanosols except that the pure bIopolymer

was replaced by the protem- polysacchande fonnulatIon After centnfugatIon, the

presence of the esterase m the polymerasol was venfied usmg Western blot analySIS

WIth a polyclonal antIbody prepared agamst the overexpressed, IDs-tagged

recombmant esterase produced mE colz K12 Cd++ bmdmg to the polymerosols was

carned out as descnbed above

PreVIOUS results demonstrated that apoemulsan exhtbits hydrocarbon substrate

specifiClty Thus, for optimum emulsrficatIOn, a ITI1xture of alIphatIC and aromatIC

hydrocarbons IS reqUired Pure alIphatIc hydrocarbons such as hexadecane are not

emulSIfied by apoemulsan ReconstItutIOn ofemulSIficatIOn ofhexadecane alone was

achIeved when emulsan associated protem was added back to the apoemulsan



preparatIOn Smce esterase was found to be assocIated WIth the normal sUlte of

protems assocIated wIth emulsan, It was of mterest to see whether the recombmant

esterase could restore emulsIfymg actIVity towards pure alIphatIc hydrocarbon

substrates A number of figures are mcluded Illustratmg the clomng strategy and

punficatIOn ofthe overexpressed esterase The recombmant protem was present mE

coil on the cell surface, although about 75% ofthe enzyme was found In InclUSIOn

bomes The fractlon assoclated WIth the cell surface was punfied and shown to

exhIbIt actIViTIeS sundar to those of the Wild-type enzyme In addltlon to the

wtld-type esterase, a senes ofSIte drrected mutants were Isolated (see sequence and

SItes ofmutatIOns) Mutant glycme or alamne substltutlOns were made for each

positlon None of the mutants exhIbIted esterase actlvity In addltlOn, mutants made

m the ills-ser-glu catalytIc tnad, stlll exhibIted relatlvely large amounts of

appropnately folded protem, willIe the other mutants produced over 90% of the

protem m the form of mcluslOn bodIes

As shown m FIgS 1-4, both Wild-type and mutant esterases were able to

reconSTItute emulslfymg aCTIVIty to apoemulsan ACTIVITIes usmg eIther ffilxtures of

2-mehtyl naphthalene + hexadecane, or hexadecane alone were obtamed The fact

that mutant esterases were also actIve m tIns reconstItutIon demonstrates that the

protem need not be actIve catalytIcally m order to restore actIVIty However, not all

protems work m thIS reconstitutlOn system For example, a senes ofenzymes willch

mteract WIth polysacchandes such as cellulase, lysozyme, as well as a senes of other

lIpases, proteases and esterases were all found to be mactIVe III restonng actlVIty (not

shown) The specrficlty of InteractlOn IS currently under mvestlgatIon One approach

we are currently takmg IS to attempt to crystalhze the protem WIth a View towards

understandmg Its structure and functlOn (for example, see FIg 7) AlternatIvely, we



are currently engmeenng vanous fragments from the est gene m order to map that

regIOn ofthe protem wInch may be mvolved m the reconsntutIOn These studIes are

currently m progress We hope to be able to explOIt the results m order to be able to

define small peptldes wmch could be produced synthencally m order to generate

novel formulatIOns In additlon to the reconsntutIOn of emulsIfymg actIvIty, we have

used the formulatlons descnbed above and have shown that the recombmant esterases

(mutant and W1ld~type) were able to form apoemulsanosols and were able to bmd

cadmmm m the assay descnbed above These studIes are also currently m progress



Scheme of cloning of est gene into overexpression
vectors pET-lie and pET-14b.

)

...

Baml-IJ Kpn

est • Batl

Clomng of the est gene
mtopET-14b

del

( Ndel and BamHI dJ.gest and ltgat:l.on

( PCR)

--t

M13 Est19
816 Kb



Ammo-acid sequence of RAG-l esterase

Figure 1

MKFGTVWKYYFTESLLKATIRTPSQLNLAPNALRPVLDQLCRL
79

FPQNPTVQIRPIRLAGVRGEEIKAQASATQLIFHIHGGAFFLG
110

SLNTHRALMTDLASRTQMQVIHVDYPLAPEHPYPEAIDAIFDV
149

YQALLVQGIKPKDIIISGDSCGANLALALSLRLKQQPELMPSG
196

LILMSPYLDLTLTSESLRFNQKHDALLSlEALQAGIKHYLTDD
244

IQPGDPRVSPLFDDLDGLPPTLVQVGSKEILLDDSKRFREKAE
274

QADVKVHFKLYTGMWHNFQMFNAWFPEAKQALADlAEFATSLD

LD*

• Bold characters represent potentIal ammo aCIds m the
catalytIC tnad Ser-Asp(Glu)-HIS Therr posItIOns are
mdicated above them

• Ammo-acIds HIS79
, Asp110, Ser149

, Asp196, Glu244 and
HlS274 were changed to glycme and alanme usmg sIte
dIrected mutagenesIs



• The recombmant RAG-! esterase and hIs-esterase were recovered ill

cell-free extracts as well as m mcluslon bodIes

OverexpreSSlOn of RAG-l esterase In E COil

Figure 2

RAG-I hJS-oeSterase

RAG-I esterase

4 5

10 2300 15 2400 12

31-

45 -

kDa

974

66.2-

215-

• Ahquots of cell-free extracts as well as InSoluble fractJ.ons from each of
the followmg strams were separated on a 12 % SDS-gel Lanes 1,
cell :free extract ofunmduced BL-21(pESTAL-ll), 2, cell-free extract
ofmduced BL-21 (pESTAL-llc), 3, InSoluble fractIon ofmduced BL
21(pESTAL-llc), 4, cell-free extract ofmduced BL-21(pESTAL-14b),
5, msoluble fractIon ofmducedBL-21(PESTAL-14b)

• The molecular weIght of overexpressed RAG-l Wlld type esterase and
hIs-esterase were found to be 32 5 and 34 5 kDa respectIvely TIns
drfference ill molecular weIght corresponds to fIls-tag sequence and to
the thrombm cleavage srte whIch were fused to the wIld type esterase

Esterase actlVlty
umtslmg ofprotem



InclusIOn body formatIOn of wIld type and mutant esterases

• InclusIon body formation m mduced strams carrymg the alanme mutant
protems of RAG-l esterase Lane l-unmduced BL-21( pESTAL-

c)(Wt esterase). lane 2 - cell-free extract ofmduced BL-21(pESTAL
11c)(W t esterase) Lanes 3 - 8 represent washed mcluslOn bodIes of
strams lane 3 - BL-21(pESTAL-llc)(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 ofthe esterase bands

-31-

Figure 3

kDa 1:2 34 5678

21.5-... _

144- ................

974
662

45-



kDa 1234

FIgure 4

- ...

12 2200 14 550 9 10 8 10

974-
662-

45-

31-

215- - if
144- -

Esterase actIVIty
umtslmg ofprotem

Overexpressed glycme mutants of the RAG-l esterase
ID cell-free extracts

• Vanous efforts to decrease the mclUSlOn body formatIon were
unsuccessful

• Only AspllOGly mutant showed cell-bound or cell-free esterase act1vlty of
about 20% m companson WIth Wlld type esterase

• SDS-PAGE showmg presence or absence of the mutant esterase protems
m somcated cell extracts of E coil BL21 Lane 1) Control
BL21(pESTAL-Ilc) <:N t esterase) Without IPTG, Inductlon With IPTG 2)
BL-21 (pESTAL-l1c) (W t esterase), 3)BL-21 (pYB-I)(H1s 79 Gly),
BL2I(pYB-2)(Asp 110Gly), 5)BL21(pYB-3)(Ser149 Gly), 6)BL2I(pYB
4XAsp I96Gly), 7} BL21(pYB-5} (Glu244 Gly), 8) BL21(pYB-6)
(HIS 274 Gly) The arrow mdlcates pOSITIOn of the esterase bands

• The wild type esterase as well as AspllOGly, Ser149 Gly and Glu244 Gly
mutant protems were detected m cell-free extracts

• The His 79 Gly, Asp196Gly and HlS274Gly mutant protems were not
observed m soluble form, but were detected only m mcluslOn bodIes



kDa 12 34 5

PurdicatlOD ofthe wild type esterase by metal

chelatIon affimty chromatography

Figure 6

----

2340 33110031050200

31-

215-

144-

974
662-

45-

Esterase actlVlty
umts/mg ofprotem

• The soluble RAG-1 esterase prepared from mduced stram BL
21(pESTAL-14) was punfied llsmg Novagen HIs-Bmd Resm
Allquots of column fractlons were separated on a 12% SDS-gel and
stamed by CoomasSle blue Lanes 1, start matena1, 2, column
flow-through, 3, washmg With 5 roM hmdazole, 4, washmg With 80
roM hmdazole, 5, elutIon With 400 roM Imtdazole The arrow
mdlcates the posItIon of the punfied esterase protem The molecular
mass markers are mdtcated to the left



Figure 7

Attempts at crystalhzatlOn ofRAG-l his-esterase

Mlcrocrystals
of RAG-l
lus-esterase

• The best mIcrocrystals were obtamed at a pH 81m the presence of 0 2M
ammomum sulfate. 10% polyethylene glycol and m the presence of
Nomdet-40 detergent at protem concentratIon lugher than 1 5 mg/ml

• The RAG-l lus-esterase was punfied usmg metal-chelatIOn affimty
chromatography ( Nt-column )
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Figure 8 EmulsrfYlng actIvIty enhancement usmg recombmant RAG-l
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Fmally, It was of mterest to examme the specIficIty ofreconstItutIOn towards other

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

prelImmary observanons are presented m the followmg table

Table 4 CadmIum bmdlng to engIneeredpolysaccharzdes 1

Polysaccharides :.: Cd++bmdmg
(Jl eqUlvalents/mg biopolymer)

Apoemulsan 39
ColanIC aCId· WIld-type 1 3

Mutant 1 24
Mutant 2 05
Mutant 3 49

Stewartan - WIld-type 29
Mutant 1 0 3

Mutant 2 1 1
Mutant 3 1 8

1 BIOpolymerosols were prepared as descnbed and cadmrum bmdmg was assayed by
atomIC absorpnon spectroscopy

2 Mutant polysacchandes were produced ill amounts only about 1/5 to 1/10 of the
amount produced by the WIld-type cells

3 The blopolymerosol fonned was too unstable to carry out the bmdmg assay



Table 5. Esterase InteractlOn wIth water soluble polysaccharides and
theIr conversion to amphlpathlc blOemulsifiers. 1

Polysaccharide ActIVIty
(ulml)

Capsular polysacchande from
Acmetobacter calcoacetzcus BD4 75

Colamc aCId 87

Stewartan (capsule from Erwznza 122
stewartu)

Amylovoran (capsule from Erwznza
amvlovora) 133

Xanthan 39

Gellan 65

Algnuc aCId 22

I Esterase was added at concentratIOn of 150 )lglml Polysacchandes were added at
concentratIOns of 60 )lglml Hexadecane was the substrate for emulsIficatIOn. The
polysacchandes were completely macnve lD the absence of esterase

Use ofprotem stabz/zzedpolymerosols m adheszon studzes

The esterase-stabIhzed polymerosols descnbed above were used m standard adhesIon

and ann-adhesIOn assays as descnbed preVIously For these expenments, the test

orgamsm, RAG-l was mIxed VIgorously Wlth a standard volume ofhexadecane,

octane and xylene on a vortex tl11Xer After standmg the adherence of the cells to the

hydrophobIC surfaces was esttmated from the lose ofturbIdIty (due to adhesIon of the

cells to the hydrocarbons whIch floated to the surface after phase separatIon) The

assays were repeated m the presence ofthe vanous bIOpolymer formulanons m order

to estimate the abIhty of the formulatIOns to prevent adherence ofmIcrobes to

hydrophobIc surfaces



3b Engmeermg of novel polysacchandes for use m enVIronmental

apphcanons.

TIns IS an approach whIch we began before the collaboratlVe project was

lDluated, but whIch was conTInued dunng both the second and tmrd years of the

project In tlns approach we explOIted the fact that certam biosynthetlc pathways for

polysacchande productlon are already known and qUlte sl1lular The basIs of the

approach IS to use mutants blocked m polysacchande synthesIs m specIfic steps, and

then attempt to complement the defect usmg cloned genes from a heterolgous

orgarusm to complement the defect m bIosynthesIs If the defect IS m a partIcular

transglyosidatIOn reaction whIch adds an actIvated sugar onto a growmg

ohgosacchande cham, the hope was that a heterologous transglycosIdase could be

mtroduced whIch replaced the WIld type sugar component WIth a new sugar m the

SubunIt backbone of the polymer The general approach mvolved the

complementatIon ofa senes ofbIOsynthetIc mutants defectIve m the productIOn of the

capsular polysacchande stewartan produced by the com pathogen Erwznza stewartu

The mutants were complemented WIth homologous genes from E amylovora as well

as WIth a lIbrary from E cob The resultmg polysacchande was reocovered from the

supernatant flUld of glucose grown cultures, and recovered by preCIpItatIon In the

presence of 80% ethanol TIns matenal was dned and spun m an ultracentnfuge at

100,000 X G for 24h to remove pOSSIble reSIdues ofhpopolysacchande, and treated

With protease K to remove reSIdual protem Fmal punficatIon mvolved two addIuonal

cycles of ethanol preCIpItatIon The putatively engmeered polysacchandes were used

m the emulSIficatIOn, adherence and catIOn bmdmg assays as descnbed above In

addItion, they were hydrolyzed and the sugar monomers analyzed m order to

deternune the changes m polymer compOSItIon



3c CharacterIzatIon of metal bmdmg to the bIOpolymer emulsan

In tius work we studIed the bmdmg ofcadmIUm and other metal Ions to the

protem-free bIOpolymer, apoemulsan wInch was produced by an ethanol fermentanon

as preVIously descnbed The emulsan polymer was first punfied by ammonIUm

sulfate preclpitatlOn an dIalYSIS followed by treatment WIth protease K to remove the

10% protem wInch was assocIated WIth emulsan The protem-free matenal, termed

apoemulsan, was stIll capable ofstabllIzmg O1l1water emulsIOns PreVIOUS results had

shown that the bmdmg ofboth organIc and InorganIC catlOns to apoemulsan was

SIgnIficantly enhanced when the bIOpolymer was present m an emulsIOn at the

011/

when the latter was eIther free m solutIon or bound at an apoemulsan-stabIhzed

hexadecane/water emulSIOn (termed apoemulsanosol) The bIopolymer-stabIlIzed

emulSIOn was first formed by some oscl1latlOn of a 3% hexadecane/water suspenSIon

In a solutIon of apoemulsan Thls emulsIOn was then concentrated by centrIfugatIon

to Yield a tlnck, cream consIstIng of a hexadecane/water (70% hexadecane) emulSIOn,

the apoemulsanosol At the concentratIons used to form the emulSIOns, vIrtually all of

the added apoemulsan could be recovered Wltlun the apoemulsanosol

Apoemulsanosols are stable at room temperature for penods of several months before

phase separatIon occurs

Bmdmg measurements In order to carry out the bmdmg expenments we deSIgned a

cell B contams cadn1lum
andEMULSAN

cell Acont8l
cadrruum

t
.-

t
dIalYSIS membrane



SImple double-cell chamber m wmch the two cells were separated by a dIalysIs

membrane

cell B contams cadt1l1ull1
andEMULSAN

cell Aeont1l1
cadmIUm

-
t

magnetic stmer

-
t

dialySIS membtlllle

Equal concentratIOns of Cd+!- were added to each cell (A and B), willIe vanous

concentratIons ofeIther apoemulsan or apemulsanosol were added to Cell B After

steady state was reached, the concentratIon ofreSIdual Cd+!- was momtored m Cell A

(m the absence ofbIOpolymer) Bmdmg was detennmed from the decrease of Cd+!-

cell A Cd+!- was measured usmg two methods 1 electrocherrucally usmg the

DIfferentIal Pulse AnodIC Stnppmg Voltometry (DPSAV) technIque, and 2 atomIC

absorptIon spectroscopy Results from the two techmques were found to be Wlth1n

15% ofeach other, although the atOmIC absorptIOn spectroscopy was somewhat less

cumbersome and more routIne In all cases the results were determmed from an

average ofthree mdependent measurements for each concentratIOn

Usmg the chamber descnbed above we developed cadmmm bmdmg to

apoemulsan and apoemulsanosols was detenmned usmg both the DSPAV

electrochemIcal technIque as well as atomIC absorptIOn spectroscopy The results



presented here were based on the atoIllic absorptIOn measurements for cadmIUm

Apoemulsan, WIth a molecular mass of 103lalodalton, has been shown to 1295

carboxylate amons In the fonn of urOntC aCId mOlehes It was found that at

concentratlons of apoemulsan free m solutlon as low as 0 4J.lglml, one molecule of the

polymer bound up to 1375 eqUIvalents ofcadmIum Ion In agreement WIth prevlOUS

results, thIs suggests that the bmdIng IS stOlchIOmetrIc In contrast, when present m

an apoemulsanosol, the same bIOpolymer was able to bmd 2125 eqUIvalents of

cadmIum ThIs represents a 60% mcrease m bmdmg over that observed WIth the

blOpolymer free m soluhon The results are m agreement WIth prevIOUs results

obtamed for bmdmg ofboth uranyl IOn as well as the orgamc catIon rhodamme The

results are consIstent WIth the notIon that the bIopolymer undergoes a conformatIOnal

change at the oIl/water mterface of a bIOpolymerosol wmch enables greater than

stOIchIometrIc bmdmg Moreover, when the apoemulsanosol contammg the bound

cadIllium was washed m soluhons at dIfferent pH, the cadmIUm could be completely

removed by lowenng the pH below 305 (the pKapp of the urOntc 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 engmeenng of

the OIl-degradmg RAG-l stram whIch we have found to be qUIte robust m vanous

enVIronmental sItuatlOns The spectrum ofhydrocarbons normally degraded by

RAG-l mc1udes straIght cham ahphatlc hydrocarbons (Cl2-C20) The model system

chosen was to mtroduce the genes for aromatlc degradatIOn from the tol plasmId of

Pseudomonas putlda mto RAG-l and select for strams whtch retamed theIr abIlIty to

grow on crude 011, produce emulsan, and exhIbIt all of the propertIes of the ongmal



stram coupled wIth the expressIOn ofnew genetIc potentIal for degradmg aromatic

hydrocarbons Two general approaches were used to engmeer RAG-l to grow on

aromatIcs

4a ConJugatlon

In the first approach the entIre pTOL was mtroduced by conjugation from the

parent orgamsm Into RAG-l selectIng for kanamycIn resIstant ex-conJugants capable

ofutIhzmg toluene or xylene as sole sources ofcarbon and energy The conjugation

was carned out m a tnparental matmg system m wInch E cob carrymg pRK200 was

used as a helper to promote the transfer ofpTOL from P putzda Into RAG-l selectmg

for kanamycm resIstance on plates conta1U1ng crude 011 as a carbon source (to select

agamst the donor and helper strams, respectively and kanamyCIn as a marker to select

agaInst the reCIpIent ExconJugants were then screened for theIr ablhty to grow on

plates supplemented WIth eIther toluene or xylene as carbon sources In the vapor

phase



4b Recombmanon mto the chromosome

Results from the conjugatIon expenments demonstrated that RAG-l was able

to grow on benzOIc aCId Vla the ortho- pathway It, therefore seemed reasonable to try

to engmeer RAG-I to grow on aromatICS, by IntroduCIng the so-called "upper" xyl

operon mto the chromosome In the second approach, the xyl "upper" operon

together WIth xyl R was Introduced as a 13 kb Insert Into 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 TIns lmear fragment was

then mtroduced mto RAG-I Vla electroporatlOn and recombmants were selected

wruch had the abIhty to grow on toluene RecombmatIon mto chromosome occurred

VIa homologous recombmatIon between the est flankIng sequences, and the est m the

chromosome Recombmants were then screened for emulSIfier productIOn, growth on

crude 011, 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 eIther est or xyl R m Southern hybndIzatIOn expenments In addItIon,

PCR analySIS was used to amplIfy both xyl R and est from the chromosome m order to

demonstrate the presence ofspecIfic sequences followmg recombmatIOn

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, httle IS known concernIng neIther the organIzatIOn nor the regulatIOn

ofthe genes reqUIred for emulsan productIOn We have therefore mrnated a study of

these aspects of emulsan productIOn and present here our prehmmary results The

overall scheme for thIS part of the research IS outlIned In the flow dIagram Illustrated



below A genetically modIfied denvatIve ofTn10, mlm-TnlOPttKm (developed by

our cooperatlve partner m th:1s project, V de Lorenzo) was used for lsolatmg

emulsan-defecnve mutants ofA lwoffil RAG-l The plasmId was transferred m plate

matmgs from E COIL S17[(ApIr)(pLOFPttKm)] to A lwoffiz RAG-I, and selectmg for

kanamycm resIstance Emulsan deficIent transconJugants were Isolated on the basIs

of theIr charactensnc 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 emulsIfymg actIVIty usmg the a

standard assay The mmt-TnlOKn{ was labeled usmg the DIG system and used as

probe m Southern hybndlzanon expenments WIth EcoRl-dIgested genomIC DNA of

the msertIOn mutants Thus far 26 mutants were screened The approach mcludes

clomng specIfic fragments mto mto pUC18 and subsequent sequencmg WIth the help

of the automatIc sequencmg urnt proVIded by the Faculty ofLIfe SCIences Thus far,

the entIre ptk (protem tyrosme kInase) gene from RAG-l along WIth the ptp

(phosphotyrosme phosphatase) gene were completely sequenced Expenments are

currently m progress to charactenze the bIOsynthenc mtermedlates whtch may

accumulate m the mutants In addItIOn, phosphorylatIOn studIes and the punficatIOn

ofPTK and PTP are currently underway Fmally, the entIre regulon has been cloned

and sequencmg studIes are currently underway



Flow diagram IllustratIng the research plan for studYIng the bIOsynthesIs and

regulanon of emulsan productIon
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FIgure 13 The probe mlrn-TnlO was DIG labeled and hybndlzed to EcoRl-dlgested
genomIC DNA of 11 A lwoffiz RAG-l transconJugants WIth a translucent
morphology The pOSItiVe control was EeoRI dIgested pLOFKmr
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FIgure 14 The probe mIm-TnlO was DIG labeled and hybndIzed to
HtndIII-dlgested genOmIC DNA of 8 A lwoffiz RAG-l transconJugants WIth a 105 kb
EcoR! fragment consIstmg the transposon The posItJ.ve control was HmdIII dIgested
pLOFKmr
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1 Introduction and background

Dunng the penod 1996-1998 studIes were conducted to mvestIgate the vanous mIcrobIal

strams m order to charactenze theIr ablhty to produce bIOemulsIfymg agents There are major

sources of pollutIOn m a vanety of mdustnes m Kazakstan and we hope to mvestIgate the

potentIal explOItatIon of mIcrobIal bIOdegradatIon and blOsurfactant productIOn as approaches to

clean-up technology of thIS polluTIon The mcreasmg the avallabIhty of hydrocarbons to

mlcroorgamsms IS useful method to accelerate the rate of bIodegradatIon at contammated sItes

There are also many another apphcatlons of mIcrobIal surfactants because the study of them role

m dIfferent processes whIch are connected WIth there abIhty to medIate the adsorptIOn to or

detachment from an mterface IS extremely useful wIth the pomt of VIew of the utIlItanamsm

approach

2 ObjectIves

The ulhmate goal of thIS project IS to develop a technology for the Isolation, productIOn

and charactenzatlon of speCIfic mIcrobIal bIOsurfactants for aphcatIOn In pollutIOn control and

envIronmental mamenance SpeCIfic ObjeCIVeS are
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1 To develop a screemng program for the IsolatlOn of surfactant-producmg organIsms

whIch produce bIOsurfactants and surface actIve blOpolymers WIth novel propertIes

2 To Isolate, charactenze and compare mIcrobIal bIOsufactants from eXIstmg strams and

newly Isolated orgamsms

3 To mvestIgate the physIOlogical charactenstIcs of growth and blOsurfactant productlOn

WIth selected strams chosen on the basIs of results obtamed from ObjectIves 1 and 2 above

3 Matenals and Methods

e Mlcroorgamsm strams We have concentrated on two bactenal and two yeast strams t

Pseudomonas alcalLgenes, 2 Acetobacter acetz and 3 Rhodotorula glutznls/var glutznls, 4

Candzda krusez (collection of InstItute of MicroblOlogy and Vrrology, Mmistry of SCIence 

Academy of SCIence, RepublIc of Kazakstan) ThIs cultures produce blOemulsIfymg agents

under growth m mmeral hqUId medIUm WIth a smgle source of carbon whIch IS ethanol We

have preVIously shown that all of these strarns produce bIOsurfactants

In addItIOn, we have also focused some attentlOn on a new bIOemulsrfier produced by

the lron-oxidIzmg orgamsm Thzobaczllus ferroo'Czdans T ferroo'Czdans IS a gram-negatIve

oblIgate chemohthotroph actIve rn the bIOleachmg of mmerals The baSIS for workrng WIth thIS

stram was the fact that bactenal adheSIOn wInch IS the Imnal step m bactenal blOleachmg

changes the surface properties of pynte m 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 smgle colony from plates With nutnent agar was mcubated mto tubes WIth nutnent

agar fron 1 to 9 days These cultures served as moculums for growth expenments All strams
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were cultIvated m a mIrumal ethanol salts medIUm (8E medmm) contaIrung (per l;ter of water)

1,5 g of (NH4hHP04, 1 g of KH2P04, 0,5 g of NaCl, 0,8 g of MgS04, and 5,10,or 20 ml

absolute ethanol prOVIded as sole source of carbon and energy Volume of medIUm In

ErlenmeJer flask was 125 m1 Cultures were grown on shakerurut WIth 180 rpm, at 30°C and

growth was morutored by absorbence at 540 nm wIth a photocolonmeter FEC-56M startmg

wIth mltIal concentratIOn 20-30 mg/ml (dry cell weIght)

Mimmal agar medIa was lIqUId 8E media solIdIfied WIth 2% agar On tlus medIa growth

was determmed vlabhty

Cell surface hydrophoblSlty mdex (H%) The rmcroorgarusms were grown at 30°C

WIth shakmg m nutnent broth or m 8E medIUm, harvested at dIfferent growth phases and

resuspended In 8E medIUm to an InItlal absorbance at 400 nm to approx 0,3 To test tubes (10

rom dIameter) contaImng 1,8 m1 cell suspensIOn were added 0,2 m! n-hexadecane Followmg 10

mm the mIxtures were agitated umformly for 2 mm After allOWIng 10 mm for the hydrocarbon

phase to nse completely, the aqueous phase was care fully removed WIth a Pasteur pIpette and

transferred to a cuvette LIght absorbance was determmed at 400 ron, usmg photocolonmeter

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

H (%) = 100 - (Dexp x 100)/Dcontr,

where H (%

Dexp

hydrophobICIty mdex,

400nm),

Dcontr - optIcal denSIty of suspensIOn (400nm)

EmulsificatIOn assay For determmatlon of emulsIfymg actIVIty In the cell-free culture

broth we used a standard emulsrficatIOn assay Wich IS based on emulslficatIOn of a mIXture of

0,2 ml of hexcadecane 2-methylnaphthalene (1 1 (v/vD In 2 ml broth After the mIxture was

shaken for 2 mm at 25° C It was allowed to stand unshaken tor an addItIonal 10 mm after wruch

vf
r



4

the turbidity of the stable hydrocarbon-m- water emulslOn was measured at 600 nm m

photocolonmeter FEC-56M

Surface tensIon The surface tenSIOn of the blOsurfactant solutlOns was measured bv

the method ofWllgelmi usmg the tenSIOmeter ofDyu-NUI

Growth on dIfferent hydrocarbons In order to determme the capacIty of stram to

grow on dIfferent hydrocarbons, rmcroorganisms were cultivated eIther on mInImal (8E) solld

agar medlUm or m hqUId medIa (8E) supplemented wIth the followmg hydrophobIc substrates as

smgle source of carbon gasolme, kerosene, dIesel fuel, vaselme 011, sunflower 011, hexadecane,

e and crude 011 (2% [vol/vol])

Hydrocarbon dIspersiOn assay The emulSIficatIOn of a vanety of pure hydrocarbons

and mIxtures of aromatIC and alIphatIc hydrocarbons was tested m order to determme the

bIOsurfactant hydrocarbon substrate specrficity The range of OIls and greases mcluded

gasolme, kerosene, dIesel fuel, vaselme 011, marganne, sunflower 011, hexadecan and crude oIls

1,2,3, respectively Crude 011 1 contams paraffins, crude 011 2

crude 011 3 For screemng we used standard

assay wich IS based on measunng the mcrease m turbIdIty resultmg from the emulsificatlOn of

some hydrocarbons followmg recIprocal shakmg (180rpm) for 2 h at 30°

Crude preparatIOns were obtamed by centnfugatIOn (at 10,000 x g for 10 mm) of cultures

wmch were grown m mimmal lIqUId medlUm The cell-free supernatant flUIds stored as a

lyophIhzed powders

Cetyl trunethyl ammonIUm bronude {CTAB)-tolerance assay The CTAB-tolerance

assay IS based on exposure of cells to vanous CTAB concentratIOns m defined mimmal medIa

(8-E) or dnnkmg water WIth senes of culture tubes contaImng 1,9 ml of medIUm (or water) and

mcreasmg CTAB concentratlOns up to 30 mg/l at mtervals of 2 mg/l The cultures were shaken

at 30°C for 24 h At the end of the mcubatIOn the cultures were exammed for growth CTAB
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tolerance (expressed m lTIllhgram of CTAB per mIllIlIter) was determlned as the lughest

concentration of the detergent m the presence of which growth occurred

4 RESULTS

Our results showed that CTAB tolerance of yeast Rhodotorula glutznLS var glutmls IS 22

mg/I, CTAB tolerance of yeast Candzda krusez and bactena Pseudomonas alcalzgenes are 28

mg/I VVhen we used water with CTAB Instead 8-E medIa yeast Candzda !crusel dId not

demonstrate growth on the solld media after InCUbatlOn with tOXIC catlornc surfactant

tit To InVestIgate aggregation of bactena Pseudom~mas lcahgenes Acetobacter acetI and

yeast Rhodotorula glutmIs var glutmIs, CandIda the cell surface hydrophobICIty mdex (H%) as

flocculatIOn factor was defined In some phases of growth negative H% were obtamed for P

lcahgenes, A acen, R giutInIS In the first day of cultIvatIon on nutnent broth and for C krusel

- In the third day of growth on mmeral lIqUid medIUm (FIg 1)

The neganve H% was not descnbed earlier It was pOSSIble when optIcal denSIty m test

vanant IS more then m control In this sltuatlOn cells had capaCIty to dIsperse the hydrophobIC

substrate, to adsorb on droplets and to keep ItS m water As result the optical denSity Increased

e EmulsIfymg actiVIty of cultural lIqUid was found when H% was negatIve We suggest, that the

cell-bound bIOsurfactants are able to keep the hydrophobIC droplets m water and cell Itself

carnes a functIOn of surface actIve molecular ThIS property we called as

"hyperhydrophoblclty", and the phenomena as "effect ofhyperhydrophobIcIty"
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FIg 1 Cell surface hydrophobIcIty mdex (H%) and emulsIfymg actIvIty culture

medIUm under bactena Pseudomonas lcalIgenes Acetobacter acetl and yeast

Rhodotorula glutllliS var glutllliS, CandIda krusel grouth m a mmImal ethanol salt medIUm

(l ,2,3,5) and m nutnent broth (4)
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FIg 2 LIght mIcrograf showmg cells Pseudomonas alcahgenes (1 2,3), CandIda krusel

(4) and Rhodotorula glunms var glutIms (5) adhenng to dIesel fuel droplet folowmg mIxmg

(800'')

Table 1 Hydrocarbon uuhzatlOTI

Hydrocarbon substrate

MedllUIl Culture Ben- Kero- DIesel Vazeh- Sunflo- Hexa- Crude 011

zme sene fuel ne 011 wer 011 decarI 1 2 3

SolId P alcahgenes

numma1 A acetl - + + - + + - - -

medllUIl R glut1IllS

LiqUId P alcahgenes

Inumma1 A acetl

medlUm R glutlms
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Sohd P alcallgenes

mmunal A acetl - + +"" - + + - - -
medIUm R glutlIlls

LIqUId P alcahgenes

IDlIllmal A acetl

medIUm R glutIDls

Crude preparatIons of P lcahgenes, C krusel, R glutlruS blDsurfactants were obtamed

on synthetIc medIUm wIthout growth factors and WIth ethanol as a sole carbon source (10 gil)

To demonstrate surface-actIve propertIes decrease m water surface tenSIon when dIfferent

concentratlons of dry preparatIons were added, dependence of the decrease m the surface tenSIOn

on pH of solutIOns (FIg 3) The preparatIOns (1 %) showed themselves as IOngemc surface-actlve

agents whtch decreased the water surface tenSIOn (72,75 mB/m) P lcahgenes - 42,4 mH/m,

R glunrus - 47,4 mM/m, C krusel - 48,5 mH/m

0-1-----,--....,---.----,



11

r ~

FIg 3 Surface tensIon ofP alcalIgenes, C krusel and R glutlms crude

bIOsurfactant preparate solutIOns (lyophIhzed cell-free supernatants)

x P alcalIgenes, o C kruseI, 6. R glutmIs

The abIlIty of bIOsurfactants to emulsIfy a lndrophobIc phase (vanous types of oIl and

-m-

hydrophobIc components The preparatIOn of R gluhms dIspersed maXImum the 011 at pH=9,

and P lcallgenes - at pH=5 Both preparatIOns emulsIfied the margarIne very well at pH=7

However, C krusel preparatIOn dId not mteract WIth 011 and marganne (Tab 2, 3)

Table 2 SpecIal emulsIfymg actIVIty of crude bIOsurfactants under formatIOn 011 m water

emulSIon, u/mg d w bIOsurfactant

Stram HydrophobIC pH

substrate 5 7 9

P a1cahgenes 011 1 183,5 145,0 71,0

0112 15,0 52,5 63,5

0113 122,5 14,5 91,0

C krusel 011 1 8,0 2,5 4,5

0112 9,5 2,0 33,5

0113 8,0 1,0 48,5

R g1uhms 011 1 72,5 70,5 570,5

0112 96,0 18,5 137,5

0113 78,0 111,0 3125
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Table 3 SpecIal emulsIfymg actIvIty of crude blOsurfactants under forrnatlOn rnarganne

10 water emulslOn, uJrng d w blOsurfactant

Stram pH

5 7 9

P alcahgenes 129,0 140,0 110,0

C krusei 23,5 6,0 26,0

R glunms 252,0 348,0 180,5

Table 4 SpecIal ernulsIfymg actlVlty of R glutznls crude blOsurfactant under forrnatlOn

hexadecan 10 water emulslOn, uJmg d W blOsurfactant

BlOsurfactant concentrahon, % 0,25 0,50 0,75 1,00 1,25

SpecIal emulsIfY10g actlvIty, uJrng d w

blOsurfactant 106,6 213,3 210,0 209,7 200,8

Pseudomonas alcahgenes The results of study of Pseudomonas alcallgenes optlmal age

and quantIty of100culum for maxImum syntheSIS of extracellular emulSIfyIng agent are gIVen

At first bactena of P alcahgenes were grown 10 bactenal agar, next • 10 nuneral hqUld

mcdlUm 8-E WIth a smgle source of carbon whIch was ethanol (lOg/I) Influence the

100culum age and quantIty on the syntheSIS of emulslfymg agent was evalueted by 2 stages The

first was an observatlOn ot P alcahgenes whIch was grown 10 medlUITI 8-E from one-day and

four-days moculums These 100culums were cultIvated on bdctenal agar After the growth
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one-day bactenal culture m 8-E medlUm It became an moculum for the second passage m 8-E

medIum On thIS second stage the moculum m dIfferent volumes - 3, 5, 10 ml , on dry weIght

accordmgly-l,5, 3,0, 4,5 mg/I, was put mto flasks

Dally P alcahgenes culture obtamed from one-day and four-days moculum had no

dItferences on blOmass, emulslfymg actIvIty (EA) of cultural hqUld and cell productIvIty (table

5,6)

Table 5 Pseudomonas alcahgenes cultIvatIOn condItIOns used under passage 1

Inoculum age, MedlUmof Vofmedtum, Concentratlon of Dry weIght of

day cultlvtlOn ml ethanol, gil moculum, g

1 8 - E 125 10 0,015

4 8-E 125 10 0,012

Table 6 Pseudomonas alcahgenes cultlvatlOn parameters obtamed under passage 1

Dally culture ofP alcahgenes m 8 - E medtum

Inocu- Opt Emulslfytng Em SpeCIal em Yield of Yield of Cell

lum age, densIty actlvlty,urut achvI- activity, u1mg blOmass g emulsIfier productIvIty

day (540nm) of ty, dwof dry welght/L gdry g d w of em I

of opt densIty, ulml emulsIfier welghtIL g dw of

culture Aooo blomas::.

medlUm

1 1,9 1 8 900 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 alcahgenes culture after the second passage m hqUld medmm 8-E was observed

for 3 days The process of bIOmass and EA were more mtensive m vanants whIch were

developed from the four-days moculum Bactenal growth from 3ml and Sml moculums were

Idenncal MaxImum bIOmass was observed on the first day and maXImum of EA - on the second

day The bactenal growth from 10ml Inoculum was lIke the above-mentIOned vanants, but EA

was two tImes below (table 7)

Table 7 Pseudomonas alcahgenes cultlVatIOn parameters obtamed under passage 2

Inoculum Time of Vof Emuls YIeld of YIeld of Cell Special

age under cultlVatIOn, mocu1um, actlVty, bIOmass g emuslfier g productivIty, g em act

passage 1, day ml u/m! d w/L dw/L d w ofemul/g u/mgdw

day d W ofblOmass emulsifier

3 25,0

1 0 5 35,0

, 10 60,0

3 460 0,5 3,85 7,7 11,9

1 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 5,9 6,9

10 275 0,5 4,7 9,4 5,9

3 330 0,73 3,4 4,2 9,7

1 3 5 300 053 40 76 75

10 230 0,75 3,9 5,2 ) 9

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 4,3 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 5,3 4,5 19,8

10 550 096 5,0 5,2 11 0

3 725 1,28 4,4 3,4 16,5

4 3 5 850 1,35 5,9 4,4 14,4

10 520 1,03 5,6 5,4 93

DIfferences on bIOmass and EA among vanants P alcalIgenes culture grown from

pnmary daIly moculum was not consIderable These populatIOns were less actIve than those

from four-days moculum In maxImum pomts bIOmass and EA were l,5-2,0 tImes below

AVaIlabIlIty of EA mmimum pomts suggest that deemulsIfymg agent was present In order to

check It we detemuned EA m cultural mIxture With dIfferent pnmary EA For example, 2, I and

06 umt of the optIcal denSIty We obtamed total EA equal to 1,95

Cell produCtIVIty and specIfic EA were determmed for all vanants As shown m table 2

e the specIfic EA m maxImum pomts of EA of populanon grown from four-days moculum was

1,6 tImes hIgher than m the culture from one-day moculum

Thus, to obtam acnve moculum ofP alcalIgenes m mmeral lIqUId medIUm 8-E It IS better

to use four-days culture grown on bactenal agar( FIg 4) The optImal quantIty of moculum IS to

be from 1,5 gil up to 3,0 gil

The emulSIfier Pseudomonas alcalzgenes was prepared from the cell-free supernatant of

a culture of ethanol-grown cells MIcrobIal surfactant produced by bactenum Pseudomonas

alcahgenes IS tennoresistant (to 80°C), extracellular polysacchande-protem comple'{ (contammg

a 2 1 molar ratIO of polysacchande to protem) of mol wt withm 3,5-6,0 kDa ThIS emulsrfymg

54
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complex m culture medIa was able effecTIvely to form stable emulsIon of sunflower 011 m water

A breakage of the emulSIOn on 50% occurs through eIght days Concentrated m 3 tImes culture

hqUld mteracted wIth the mIxture n-hexadecane and 2-methylnaphthalene With formmg an

emulSIOn, 50% breakage ot WhICh approached m 24 hours, but full dlsmteractIOn - through

16-18 days

0 Q
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Fig 4 Pseudomonas alcalIgenes bIOmass, emulsrfymg actiVity of

cultural medlUm and cell produchVlty from four-days moculum,

passage 2

In order to study growth of the culture on dIesel fuel stram P alcahgenes was grown on

a mmimal salts medlUm contammg 05% (v/v) dIesel fuel as carbon source Dunng a penod of

10 days the cultures were exammed for bIOmass and substrate emulsIficatIOn (Fig 5) Cell

bIomass was followed by measunng turbidity at 540 nm The culture showed relatIvely hIgh

turbIdity followmg the first 24h of growth and thereafter However, thIS turbidIty was

complIcated by the presence of both cells and emulSIfied 011 droplets
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FIg 5 P alcahgenes grouth dmarmc and emulslfi.catlOn of dIesel fuel

As shown m FIg 6, the mterractlOn bactena WIth dIesel fuel were exammed under the

11ght mIcroscope The Pseudomonas stram formed hlghly aggregated flocs whose formatlOn dId

not appear to be dependent on growth on the dIesel 011 Interestmgly, the Pseudomonas stram

produced smaller droplets m the order of 5 mIcrons m dIameter and the cells were easIly

It separated from the hydrophobIc sustrate by centnfugatlOn SDS had no effect on the

Psedomonas cultures, the illghly aggregated cells remamed as floes The culture resulted m the

formatlOn of stable emulSlOns suggestmg that It produced blOemulslfiers and/or blOsurfactants as

a result of growth on dIesel fuel Expenments are currently m progress to Isolate and

charactenze the emuisifier(s) produced by the cells on dIesel 011 and to compare them WIth the

extracellular products produced by the cells grown on ethanol

ModificatlOn of a polymer carner when It mteracts WIth a mIcrobIal surfactant (P

lcahgenes) whIch IS used as a receptor support m ImmobIhzatlOn of LactobacIllus lactis

producmg lachc aCId on foam polyurethane was studied Foam polyurethane was kept III 2%

(
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~olutlOn of the blOsurfactant at 370 C for 48 hours and was Immersed m suspenSIOn of twIce

washed cells of LactobacIllus lactis (0,0 18 glml) at 220 C for 24 hours WIth constant stIrnno
::>

Then the tlffie of sorptIOn eqUlhbnum establIshment, specrfic sorptIOn, desorptIOn and the Yleld

of lactIc aCId were determmed Such method of treatment was proved to bnng about

modIficatIOn of the polymer carner The tlffie of sorptIOn eqUllIbnum establIshment for

untreated foam polyurethane was found to be about 16 mm and for a modIfied one - 6 mm The

speCIfic sorptIOn was about 5,llx109 cells/g and 2,OOxlO lo cells/g, respectIVely The desorptIOn

rate decreased by a factor of 4 when foam polyurethane was treated WIth the bIOsurfactant, and

e the Yleld of lactIC aCId mcreased by 1% The studIes we have done showed that modIficatIOn of

polymer carners usmg blosurfactant of P lcalIgenes may be an effectIve technIque for

bIOtechnolOgIcal processes m adheSIOn lITUnObIhzatIOn of microorgamsms
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FIg 6 Pseudomonas alcahgenes cell adheslOn to dIesel tuel droplets at the first (1),

second (2,3) and thIrd (4,5) days of cultlvatlOn (800*)

Table 8 Extracellular blOsurfactants produced by Pseudomonas alcahgenes

tit charactenstlcs before and after partIal punficatlOn

Polymer type Pattern (sample) Emuls actlvty, Dry weIght

type opt densIty, emuslfier g IL

(600nm)

Extracellular blosurfactants Cell-free supernatant 1,17 3,98 0,05

Id after dhalyze 1,35 0,40 0,05

Id after freeze-drymg 1,35 0,40 0,05

(
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FIg R glutlms emulsIfymg actIvIty and bIomass on dIfferent medIUms (1 8-E, 2

R.1der, 3
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FIg R glutIillS growth on dIfferent carbon sources 1 - ethanol (10 gil), 2 - ethanol (10
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FIg R glunnIs emulsIfytng actIvIty under the usmd moculum of dIfferent ages 1-

3-days-moculum, 2 - 5-days-moculum, 3 7-days-moculum,5 9-day-moculum
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FIg R glutrnis emulsIfymg actIvIty under the usmd synchronIzed moculum of dIfferent

ages 1- 3-day-moculum, 2 - 5-day-moculum, 3 7-day-rnoculum,5 9-day-moculum

Table 9 R glutmis cultivatIOn parameters obtamed under optImIzatIOn of grown

condItIOns and wIth usmg 5-day-moculum

Tune of Emuls Yield of YIeld of Cell SpeCIal em

cultivation actlvty biomass, g emusifier g productIVIty, g act opt

day opt densIty, dw/L dW/L d W ofemul/g deI1:>lty (600

(600nm) d W ofblOmass nm)/mgd W

emulSIfier

0 0,07 - - - -

I 040 1,83 1,54 0,84 0,256
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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 glUtllllS extracellular bIOsurfactants and cell surface-bound polymers

to complex platmum group metal (Os) was mvestlgated

The amount of free and bound osmIUm was deterrmned spectrophotometncally The

lrutlal osmlUm IOn concentratlOn m solutIon was 0, I mg/ml

R glUtlniS extracellular blOsurfactants were prepared from the cell-free supernatant of a

culture of ethanol-groun cells Cell-free supernatant flUId was obtamed by centrIfugatIOn of

culture at 5 000 x g for 10 mm Suprenatant was filtered across membrane filter for yeast cells,

dIalyzed agams dIstIlled water, and freeze~dned

R glUtlrus cell surface-bound polymers were prepared from the cells of ethanol-groun

culture Cells- were obtamed by centnfugatIOn of culture at 5 000 x g for 10 mm The cell pellet

was washed twIce m 8-E medIa WIthout ethanol and suspended to 2% EDTA solutlOn (pH 8,0)

The suspenslOn was mIxed on shaker at 30°C tor 2 h and after centnfugmg, cell-free supernatant

was filtered across membrane and dIalyzed agams dIstIlled water Cell surface-bound polymers

were precIpItated by Isopropanol WIth 4% of sodIUm chlonde at 4°C and dned at room

temperature

In sorptIon expenment dry powders of R glutIlllS extracellular blOsurfactants and cell

surface-bound polymers were added to Os contamlgn solutlOn to a final concentratlOn of 1
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mg/ml and mIxed on shaker at room temperature for 30 mm The polymers were then separated

from solutIons by ultracentnfugatlOn In Os recovery from gas phase expenment the preCIpItates

were suspended In water to a final concentratIon of 1 mg/ml and were used for complexatIOn of

osmIUm dunng 3 hours

EmulSIon was prepared by shakIng of a mIxture of 1,5 ml vaselIne 011 and 8,5 ml of

aqueus solutlOn contammg 10 mg R glutlillS extracellular blOsurfactants and used for

complexatIon of osmIUm from gas phase durmg 3 hours OsmIUm bmdmg to emulslOn was

determmed after separatmg the aqueous phase from vaselme 011 droplets by centnfugatlOn at

e 6000 x g for 20 mm BmdIng of osmIUm to vaselme all m water emulslOn(no bIOpolymers)

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

The data summanzed In Table 8,9,10

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

glutlll1S charactenstics before and after partial punficatIOn

Polymer type Pattern (sample) Emuls actlvty, Drywetght

type opt densIty, emustfier g /L

(600nm)

Cell surface-bound polymers Washmg solutIOn 0,45 0,74 0,08

Id after dhalyze 0,37 0,68 0,04

Id after freeze-drYing 0,32 0,68 0,02

Extracellular blOsurfactants Cell-free supernatant 2,4 3,54 0,05

Id after dhalyze 2,2 3,05 0,05

Id after freeze-drytng 1,95 3,05 0,04
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Table 9 OsmIUm complexatIOn (bIOsorpnon) capacIty of extracellular blOsurfactants and

cell surface-bound polymers produced by R glutlills

Polymer type Cell productIvIty, g d W ComplexatIOn

of crude polym.ers / g d W capacIty,

ofblOmass %

Cell surface-bound polymers 0,3-0,5 4,25±0,25

Extracellular blOsurfactants 0,8-1,0 7,70±0,25

Table 11 OsmIum complexatIOn capacIty of extracellular bIOsurfactants, cell

(

surface-bound polymers produced by R -m-

extacellular blosurfactants of R glunrns dunng 3-hours contact WIth as contmrngn gas phase

Polymer type and hydrophobIc substrate Pattern (sample) ComplexatlOn

type capacIty, %

Extracellular bIOsurfactants SolutIOn 0,060

Extracellular blOsurfactants Freeze-dned solutIOn 10,068

Cell surface-bound polymers SolutIon 0,025

Cell surface-bound polymers Dned solutIOn, 20°C 4,350

Extracellular bIOsurfactants+vaselme 011 EmulSIon 0,0834



Extracellular blOsurfactants+vasehne 011 Dned emulslOn, 50°C 13,996

Vaselme 011 In water emuls10n Vaselme 011 0,00
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APPENDIX I

Photos of new laboratory ill Almaty, Khazakstan
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