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REPORT
to CooperatIOn m ApplIed SCIence and Technology (CAST) Program

on the project

STUDY OF THE MECHANISMS OF FORMATION OF BIOFILMS AND
DEVELOPMENT OF PROTECTIVE COATINGS FOR OPTIC SURFACES

Researchers

Dates of VISIt

Dr Tanya Kuntz, Oak RIdge NatIOnal Laboratory, MS-6480, Oak RIdge,
TN 37830, (423)241-6013, kuntzt@oml gov

Dr L N Kouznetsova, VavI10v State OptIcal InstItute, Tuchkov per 1, St
Petersburg, RUSSIa 199164

November 5, 1995 - November 4, 1996

Research goals
• Develop chemIcal coatmgs that protect surfaces from formatIOn ofbIOfilms (consortIa),

and
• Study molecular mechanIsms of bIOfilm formatIOn

Planned Research Objectives of the ViSit
• Develop, synthesIze, and test formulatIOns that protect optIcal surfaces from mIcrobIal

growth and bIOfilm formatIOn,
• Prepare recommendatIOns on the applIcabIlIty of dIfferent formulatIOns for a varIety of

applIcatIOns

Research performed
A number of polymer coatmgs were syntheSIzed on glass surfaces Approach to the low

temperature dIrect polymenzatIOn of thm films on glass substrata developed m RUSSIa served the
baSIS for dIfferent formulatIOns FormulatIOns were used that contamed a varIety of surface
radIcals m dIfferent combmatIOns, such as dImethyldIethylsI1ane and vmyltrIetoxysI1ane AbIlIty
of these formulatIOns to prevent mICrobIal attachment to solId surfaces was tested WIth
Pseudomonas aerugmosa stram PADI (common wound pathogen) and a number of blue-green
algae (cyanobactena) that are a cause ofblOfoulmg m marme and freshwater enVIronments In
some expenments, tm complexes, copper salts and quaternary salt were added to the coatmgs to
mcrease theIr bIOCIdal effect

Coatmgs were charactenzed by (1) measurement ofthe surface energy, and (2)
topography as VIsualIzed by atomIC force mIcroscopy Bactena attachment was charactenzed by
(1) stammg of mICroorganIsms attached to coated samples and dIrect mIcroSCOpIC count of these
mIcroorgamsms, and (2) kmetics of surface coverage by bactenal films m optImIzed flow cells
Attachment of cyanobactena was assessed after a prolonged growth of cultures m glass
Erlenmeyer flasks covered or not, WIth polymer coatmg
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SpecialIzed techmques used for charactenzatIOn of sohd surfaces and elUcIdatIOn of theIr
mIcrotopography, RussIan SCIentIst was tramed m an apphed atomIC force mIcroscopy -- a novel
state-of-the art method that allows extremely hIgh resolutIOn of matenal topography RUSSIan
SCIentIst receIved coachmg m usmg PC and conventIOnal office software

Results of research
(1) Polymer coatmgs m a varIety of formulatIOns faIled to prevent bactenal attachment to
sohd surfaces, however, they could slow down the process ofbIOfoulmg AddItIon oftm
mhlblted bactenal attachment for 10-14 days After that penod, leachIng of tm from the films
led to the bIOfouhng of coated surfaces Copper stImulated attachment of P aerugmosa to the
surfaces, quaternary ammomum salts had no effect,

(2) ThIckness of coatmgs affected the rate of bactenal adheSIOn, whIle surface energy dId
not,

(3) Surface mlcrotopology of substrata dId not affect bactenal attachment

Benefits of the VISit
Benefits to my research m mICrobIal bIOtechnology were predommantly due to my

exposure to another dlsclplme due to workmg closely WIth a polymer chemIst It was Important
to cntIcally assess applIcabIhty of protectIve coatmgs claImed by my RUSSIan colleague to be
extremely effectIve m the field agamst fungal foulmg Senes of laboratory tests faIled to prove
thIS effiCIency With other mICroorganIsms, mcl bactena and blue-green algae (cyanobactena)
However, we were able to VIsualIze, by atomIC force mICroscopy, a process oftm leachmg from
polymer coatmgs, WhICh, on ItS own, can make a case for the envIronmental protectIOn
CollaboratIve research m the applIed area helped me IdentIfy a gap m the fundamental
knowledge the effect of substratum field(s) on mIcroorganIsm seems to be an Important factor
overlooked m the past research I plan to contmue fundamental research m thIs area

Dunng her stay at Oak Ridge NatIOnal Laboratory, Dr Kouznetsova was tramed m
atomIC force mICroscopy - a method cntIcal for current research m matenal SCIence and polymer
chemIstry She was also exposed to daIly applIcatIOns of computers and a vanety of office and
laboratory management technIques that are not aVaIlable at her mstItutIOn As she has
mentIOned, her work at Oak Ridge NatIOnal Laboratory WIll make her elIgIble for the second
step degree (Doctor of SCIences) at her mstltutIOn ThIS degree would allow Dr Kouznetsova to
progress m her SCIentIfic and, pOSSIbly, admInIstratIve career

ThIS research resulted m two papers for the Amencan SOCIety for MIcrobIOlogy Meetmg
on BIOfilms (September 1996, Utah) and a paper for a peer-revIewed Journal IS In progress

Future Collaboration
After completmg research at Oak Ridge NatIOnal LaboratoryaDr L N Kouznetsova

returned to RUSSIa where she plans to contmue her work on protectIve coatmgs at Vavilov
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OptIcal InstItute We plan to exchange some addItIOnal data that Will be presented m a research
paper

Future collaboratIOn wIth thIS group at Vavilov OptIcal InstItute IS unlIkely smce the
coatmgs that are the area of expertIse of thIS group at VavI10v OptIcal InstItute dId not show any
supenor qualIty m comparIson WIth domestIc products Lack of reasonable means of
communIcatIOn With thIS research group (no fax access, no e-mail) does not benefit the case

Benefits of the CAST Program
The benefits of the VISIt mcluded the OppOrtunIty for the US SCIentIsts to meet theIr

RUSSIan peers and to work together and to try to match dIfferent approaches to research and to
hfe m general RUSSIan colleagues should benefit from the exposure to new technologieS, not
aVailable m RUSSia, and from the exposure to research routmes that are standard m the U S but
are not yet standard m RUSSia, such as data valIdatIOn and use of electromc means for data
processmg and storage

ConverSIOn m RUSSia IS a pamful process smce the RUSSIan system prOVIdes no support
and does not guarantee any benefits to the mstItutIOns or mdlvlduals mvolved m thIS process
RUSSIan SCIentIsts are not used to the Idea of ImtIatIve m research, competItIve grant fundmg or
technology transfer and are not frIendly towards small busmesses CAST-sponsored exchange IS
extremely valuable because It shows RUSSIan defense SCIentIsts that theIr Amencan peers have
the system m place wmch makes them show entrepreneunal attItude to applIed and defense
research m order to stay m SCIence Introducmg the Idea of free enterpnse m applIed SCIences
seems to me one of the most benefiCIal mISSIons of CAST Program that contrIbutes to the
converSIOn aspect

A set of data resultmg from our collaboratIOn IS very Important to our fundamental
understandmg of the effect dIfferent charactenstIcs of substrata to bactenal attachment The
paper on these findmgs m preparatIOn Another set of results obtamed m thIS research pomts out
to the Impact of the substrata field on the attachment However, these findmgs ment further
fundamental research whIch may not have any ImmedIate commerCIal applIcatIOns Smce the
coatmgs proposed by the RUSSIan SIde dId not show a deSIred effiCIency of bIOfoulmg mhlbitIOn,
I am not convmced m the posslblhty commerCial applIcatIOn of these coatmgs m the near future

Fmanclal Notes
CAST Support
Travel expenses for Dr Kouznetsova and famIly
Research supplIes, Enghsh class
StIpend
Total CAST
Umverslty of Tennessee/ORNL Support
DIrect support (stIpend)
Overhead @ 23%
Total UT/ORNL

Grand total
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$3,000
$5,000
$6,000
$14,000

$15,150
$3,48450
$18,63450

$32,63450
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As a researcher under an exchange program, Dr Kouznetsova receIved a tax wmver from
the UnIVersIty of Tennessee Therefore, dIrect tax-free payments to her were $21,150 In rural
East Tennessee, we enJoy low cost ofhvmg Apartment rent for Dr Kouznetsova and faml1y
was m mId $200/month

Comments
• Confllct of cultures IS the bIggest problem that both the host and the VIsItor WIll

expenence The host should expect a "topsy-turvy" perceptIOn III the maJonty of areas
Some concerns are echoed m the attached copy of the letter publIshed two years ago m
SCIence

• VenficatIOn and valIdatIOn of conclUSIOns publIshed m RussIan sources are crucIal
because the peer reVIew process m RUSSia IS a polItical endeavor rather than a fmr
assessment

• AvaIlabIlIty of reasonably modem means of commUnICatIOn at your vIsItor's mstItutIOn IS
extremely Important I would suggest that every host venfies that a fax machme or an e
maIl termmalls avmlable to the prospectIve guest It IS also useful to venfy that a
potential VISItor has some famIlIarIty WIth PC
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International Programs

and SCientists In the
Former Soviet Umon

SCientists 10 the fonner Soviet Umon
(FSU) appreCiate help from Western col
leagues and mternatlonal orgamzatlons
However, cultural differences and mutual
mlsunderstandmg bnng some problems that
undennme the effectiveness of current pro
grams I thmk It useful to list some general
pomts 10 a random sequence
• BeSides the International SCience Foun
dation (ISF), there still are no InstitUtiOns
10 the FSU that proVide grants based on
open competition and rehable expertISe
Fundmg 10 the Soviet Umon used to be a
kmd of trade, often the same people dlsmb
uted and benefIted from a grant The tenn

not yet enJoy people's support and are con·
sldered to be corrupt and Irresponsible Su
perfiCially, It looks hke gIVmg the money to
the same people who are responsible for the
decline of sCience
• Because of an undeveloped mfrastruc
ture the contacts of international orgam
zanons wah FSU SCientists go through
Moscow A not unexpected Side effect IS
that most of the laboratOries awarded
funds by the ISF for example are located
there Top-level offiCials from the govern
ment and the Academy of SCience are
skilled In dIVldmg a pie to their own ben
eflt EVidently, international contacts are
much easier for Muscovites to make than
It IS for sCientists from other regions but
that does not mean that Moscow IS the
only home of RUSSIan sCience On the
other hand the demands from new repub
Itcs to contact them dIrectly, although
Justified can hardly bnng much new Un
fortunately, beSides the Baltic states all of
them have suffered heavy losses In re
search because of aggressive natlonahsm,
lack of a system of national pnontles, and
economic dechne Hav10g lost fmanclal
sUppOrt for the prOjects In RUSSia that
received recent ISF awards (and were thus
conSidered successful and promlsmg In the

"confhct of mterest" IS unknown there
Thus, m trymg to change the mentahty of
people In the East, It IS Important to do
everythmg m an open-handed way
• Long-tenn expenence taught researchers
10 the East to thmk that the mam aim of
collectmg open proposals was to collect
new Ideas and mfonnatlon that could be
used by those haVing access to the files
Not once 10 the Soviet era were shghtly
modified, preViously rejected proposals
successfully submitted on behalf of anoth
er research rou
• any sCientists In e U thmk that
the malO aim of the ISF small-grant pro
gram IS to collect a personal data bank
Therefore, they consider themselves not
awarded but Just paid for the mfonnatlOn
prOVided
• The illUSIOn IS Widespread 10 the East
that Western SCientISts are much less cre
ative than theIT Eastern colleagues This

ump ase n c ctlce
of us10g Eastern results Without proper
referenc10g of work from the West There
fore, the ISF larger grants program IS con
Sidered by many to be an easy way of
collecting new Ideas and results If each
proposal IS not given a short analySIS that
proves senous cOTlSlderatlon and honest

West), I gratefully accepted an award from
the U S National Research CounCil that
pennltted me, In thiS SitUatiOn, to contm
ue my research In the Untted States But
does RUSSia benefit from thiS 7 And whom
to blame7 Revengmg RUSSian bureaucracy
or the Ill-m1Oded "West," which, accord
Ing to the newest dIScovery of RUSSian
natlonahsts, mes to destroy RUSSia by of.
fenng research opportunltles to sCientists
who otherwise were supposed to change
their occupation

International cooperation IS crltlcal for
the survival of sCience In FSU countnes
Polmcally, It IS Important to preserve an
Intellectual ehte who may be the only
baSIS for future development and even ren
aISsance International recognition gives
some moral support and raISes the self
esteem of the best reseatehers m the cur
rently suppreSSive, anti-intellectual POlttl
cal climate 10 most FSU counmes Scarce,
but snll eXisting, chances to escape as a
"SCientifiC refugee" or, at least, to get a
temporary rehef as a grantee or graduate
student In a foreign laboratory IS now al
most the only motivation for the younger
generation to 10m the SCientifiC commu
ntty However, It IS most Important to
keep pressure on the local governments,

competition, the program Will produce un
desirable Side effects
• The advertlSmg campaigns usually do not
correspond to the real value of awards, and
thIS bnngs some dISappointment even to
those awarded
• There IS still no routine way for FSU
SCientISts to get fmanc131 support for theIT
participation m mternatlonal conferences
They often travel at their own expense
Conference orgamzers ought to consider re
dUCing registration fees for SCientists ftom
counmes where such a fee may equal one
month's salary
• Nonmilitary and baslC SCiences, which
lack lobbymg groups and means of direct
pressure on the local and national authon
ties, suffer the most
• Time IS cntlcal, and It IS often lost when
support comes, the recipient may already
have lost hIS position
• People In the FSU used to ltve In a kmd
of corporate state, therefore, they usually
cannot dlStmgulsh between the supportive
sclentlftc commumty and the dISCnmlna
tive vISa poltcy of a foreign country
• Close contacts With FSU governmental
bodies can dIScredit international SCientifiC
orgamzatlons 10 the eyes of the publtc be
cause the maJonty of these governments do

which are responSible for the sun 1\ ::t

natIOnal sCience They are almost lOse
tlve to domestic demands, but still rna'
Influenced from outside Tax exemptlo
foreign grants and information about
mestlc fund10g of the awarded (and I
sumably, the best) laboratones must
demanded Among mternatlonal r
grams, long-tenn cooperanon ben\
laboratones IS much more productive t
any short-term grants

Serge, M Shalchen
Nanonal Research Cou
Se7Uor Research Asso..
960 College Sranon R,

Athens, GA 30605-2720, l

Pmclpa/ Research SCIennst~ of Forestr
Petersburg RuSSIa

•
Black Hole Theones

Faye Flam's Research News article "T
onsts make a bid to ehmmate black hoi
(23 Dec, p 1945) descnbes some r
theones by John Moffat, and by Huse
YIlmaz and Carroll Alley The art
quotes phYSICISts Charles MISner and 'V.
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