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INTRODUCTORY NOTES

Even cold and snowy seasons eventually give
way for sunshine and a glorious verdant landscape.
After an academic year packed full of teaching and
course work and ending in a furious crescendo of
exams, we celebrated the tradiional commencement
ceremontes with the usual pomp and circumstance.
In line to receive their doctorates were five of our
CBI students who have been supported by the cen-
ter for at least part of their graduate studies. I feel
very proud over this accomplishment.

Each year during the commencement ceremony,
the University honors a few of its most outstanding
faculty members for their research and teaching ac-
complishments. One of this year's three Distin-
guished Research Awards was given to CBI's Hen-
ry Kopecek for his pioneering work in the design
of water soluble polymers for targeted drug deliv-
ery. In addition to the two drugs he has developed
for treatment of liver cancer, which are currently in
clinical trial in the United Kingdom, Henry's recent
activities have focused extensively on the develop-
ment of photo-activable polymers for drug release.
His CBI colleagues are proud of his accomplish
ments and celebrate this well-deserved award.

Yet another reason for pride was reported recent-
ly, when it was made official that Tomn Beebe had
been selected to receive an NSF Young Investigator
Award. Only twenty such awards are given nation
wide to researchers in chemistry, and the selection
of Tom is therefore a very impressive recognition
of his surface chemistry research program. In addi-
tion to the prestige, this award carries with it sub-
stantial financial support for a period of five years.
CBI is proud of this distinction given our good col-
league and friend.

- Karin Caldwell, Director
CENTER FOR BIOPOLYMERS AT INTERFACES
Departrment of Bioengineering
| University of Utah
| 2260 Merrill Engineering Building
Salr Lake City, Urah 84712
(801) 581-3857
FAX (801) 585-5151

CBI FALL MEETING

It is now official -- the Fall Industrial Advisory
Board Mceting has been shifted from Monday and
Tuesday, September 20-21, to Thursday and Fri-
day, September 23-24. This became necessary
when we realized that there were some conflicts for
both industrial and faculty members which would
prevent them from participating in the CBI meeting.
After a survey of industry representatives, the most
popular choice for altemate dates was the 23rd and
24th,

Another change is the location of the meeting. We
had originally scheduled the University Park Hotel
for the Fall meeting, but the change in dates necessi-
tated a change in venue as well. We will again meet
at the Little America Hotel in downtown Salt Lake
City. You should make room reservations directly
with the hotel; their telephone number is 800/453-
9450 or 801/596-5966. The rate for sing
tower rooms will be $89.00 and for single deluxe
garden rooms, $75.00. Please try 1o make your res-
ervations before August 22nd, since our reserved
block of rooms will be rele after that date. And
keep in mind -- September is & busy month in Salt
Lake City for meetings and conventions. Hotel
space will be at a premium!

Other than these changes, the meeting will be con-
figured in basically the same format as 1n the past.
The welcoming reception and discussion normally
held on the Sunday evening before the meeting will
take place on Wednesday evening, the 22nd. As al-
ways, we will be sending out an agenda and copies
of research proposals in advance.

If these dates prove to be inconvenient for some
individuals, we recommend that you discuss alter-
nate arrangements with your colleagues so that your
organization is well represented. It is primarily
through our semi-annual meetings that members are
able to contribute their recommendations regarding
the Center’s direction and operation, as well as spe-
cific research endeavors. We look forward to sec-

ing you in September!




« UPCOMING MEETINGS -

July 4-9, 1993, 6th International Conference on Orga-
nized Molecular Films, Trois-Riviéres, Que- bec, Canada.
Program will include: Dynamic Processes and Forces at Sur-
faces; Electrochemical Processes; Modern Methods (STM,
AFM, X-ray, Electron and Neutron Scattering); Monolayers at
Gas-Liquid Interfaces; Optical and Spectroscopic Properties;
Polymers in Organized Molecular Films; and Theoretical
Modeling. Contact Dr. Pierre-F. Blanchet, Dépt. de Chimie-
Biologie, Université du Québec a Trois-Rivitres, C.P. 500,
Trois-Rivieres, Québec, Canada G9A SH7, phone 819/376-
5146, FAX 819/376-3057.

July 25-28, 1993, 20th Iniernational Sympo- sium on
Controlled Release of Bioactive Matenials, Wash., DC. Pro-
gram plans include presentations on: Chronopharmacology,
Mathematical Modeling, Oral D Peptide/Protein De-
livery, Trans- dermal Delivery, Vaccines, Biotechnological
Advances, Consumer Products, Modulated Drug Delivery, Pa-
renieral Adminisiration, Targeting and Transmucosal Deliv
ery, Contact Controlled Release Society, Inc., 1020 Milwau-
kee Ave., Suite 235, Deerficld, IL 60015, phone 708/808-
T071, FAX TOB/BOB-707 3,

Aug. 22-27, 1993. Polymers for Ophthalmic Applica-
tions, ACS National Meeting, Chicago, IL. Topics will in-
clode: Water Soluble Polymers in Ophthalmic Preparations;
Polymers in Comeal Sur- gery; Polymers in Glaucoma, Vi-
treous and Retina Surgery; Surface Characterization and Sur-
face Modification of Ophthalmic Polymers; Polymers in Con-
tact Lenses; Polymers in Intraocular Lenses; Proieins and
Bacteria Interactions with Ophthalmic Polymers; and Poly-
mers in Ophthalmic Drug Delivery. For more information,
contact Miguel F. Refojo, The Eye Research Institute, 20
Staniford St., Boston, MA 02114, phone 61 2-3140,
FAX 617/7120-1069; or Peter G. Edelman, Ciba Corning Di-
agnostics, 63 North 5u, Medfield, MA 02052, phone 508/
359-3551, FAX 508/359-3614

Aug. 30-Sept. 1, 1993. 4th Imernational Conference,
Biointcractions "93, Molecular Aspects of Biomaterials, Leid-
en, The Netherlands. Confer- ence will concentrate on molec-
ular aspects of bio- materials with emphasis on the major and
related topics of molecular microenginesring, aging/time de-
pendence effects of biomaterials, biomaterials applications and
implants and devices. Further in- formation may be obtained
from John Herriot, Bicinteractions'93, Meetings Manage-
ment, Straight Mile House, Tilford Rd., Rushmoor, Farn-
ham, Surrey GU'10 2EP, UK; phone 025125 5414, FAX
025125 2101,

Sepl., 1993, st International Conference on Cellular En-
gincening, United Kingdom. Topics to be covered include
Cell Guidance, Advance Cell Culture, Cellular Approaches for
Molecular Sensing, Cell-Implant Interactions, EM and Mag-
netic Field Influences on Cellular Processes, Bioartificial Or-
gans, Networking and Neural Computing. Contact Prof. Pe
ter Rolfe, Conf. Chairperson, Dept. Biomedical Engineering
& Medical Physics, Keele Univ,, Hospital Centre, Thombur-
row Dr., Harishill, Stoke on Trent, Staffs. 5T4 7QB, UK.

Sept. B-10, 1993. Polymers at Interfaces, Bristol, UK.
The meeting will be broken down into the following ses-
sions: Structure of the Interfacial Region: Dynamic Effects
in Polymer Adsorption; New Methods and Technigues for
Studying Polymer Adsomption; the Structure of an Adsorbed
Polymer Layer under Constraint; and Polymers and Disper-
sion Stability. To register, contact Terence Cosgrove,
School of Chemistry, Univ. of Brisiol, Caniock’s Close,
Bristol BS8 1TS; FAX 44/272 250612, E-Mail COS-
GROVE@UK AC. BRISTOL. SIVA.

Oct. 17-23, 1993. 10th Intemational Symposium on Bi
arecognition Affinity Technology, Gwatt/Thun, Switzer
land. Topics will include: Novel Affinity Approaches; Re
ceplors: Structure, Function and Ligand Recognition; DNA
Protein Interaction; Structure Recognition and Regulaton of
DNA and RNA; Antibodies: Design and Use; Interaction be
tween Proteins, Carbohy- drates and Lipids; Cell Adhesion;
Tissue-specific Drug Delivery: and Biosensors and D
tics. Conference Secretariat: Prof. A. N. Eberle, De
Research, University Hospital, CH-4031 Basel, Switzerland;
phone 41/61-265 23 24, FAX 41/61-261 15 (.

Nov. 7-12, 1993. Fourth Topical Conference on Ad-
vanced Materials (held in conjunction with the 1993 Annual
AIChE Mig.) St. Lows, MO. Sessions of 1 will in-
clude: Polyethylene Glycol and Other Hydro, as Biomate-
rials; Cell and Tissue Interacuons with Biomaterials

Feb. 11-19, 1994, Sth International Conference on Sur-
face and Colloid Science, Adelaide, South Australia. Presen-
tations will include Surface Weting, Dispersion Science,
Surface Modification, Biosystems, Thin Films, Adhcsion at
Interfaces, Emulsions and Suspensions, Surface Forces
Membrane Technology, Polymers in Solution and at Interfac
¢s, Surface Techniques and Surface Reactivity. Address in-
quines to Karen Eng echsearch Inc., 183 Melbo 5
No. Adelaide, S. W6, telephone 61/8-
61/8-267 5466, FAX 61/8-267 4031

Apr. 19-21, 1994. 2nd European Conference on Optical
Chemical Sensors and Biosensors, Florence, ltaly. Topics
will include: Optical Sensing Technigues; Applications of
Opucal Sensors; on of Opucal Sensors. Con-
ference Secretariat: Vanna Cammelli, IROE-CNR, Via Pan-
ciatichi, 64, 50127 Firenze, ltalia.

Jul. 11-15, 1994, 35th IUPAC (Intemational Union of
Pure & Applied Chemistry) Inwernational Symposium on
Macromolecules (MacroAkron '94), University of Akron,
Akron, OH. Major topics will include: New Polymerization
Reactions and Reaction Mechanisms; Complex Macromolec-
ular Architectures and Supramolecular Polymers: Polymers
and Biology; Frontier Polymeric Materials; Field Responsive
Polymers; Structure and Morphology; Thermodynamic and
Dynamic Properties of Polymers in Solution and Bulk; Poly-
mers at Interfaces; History of Polymer Science; and Special
Topics. Contact: Cathy Manus-Gray, Univ. of Akron, In-
stitute of Polymer Science: Akron, OH 44325-3009, FAX
216/972-5463, e-mail Manusgray@ uakron.edu

PROCEEDINGS OF THE
MARCH 15-16 INDUSTRIAL
ADVISORY BOARD MEETING

| Fiesea_rch Proposals Submitted for Funding
| (March 19893)

| *Coating Inhibitory Activity from Tears:
Its Imterference with ELISA and
Biocompatibility
J. Janatova, K. D. Caldwell

*Effect of Chemical Composition and
Hydrophobicity of Biomedical Polymers
on Interaction with Complement Proteins
J. Janalova, K. D. Caldwell, V. Hlady

*Enhanced Antibiotic Transport in Biofilms
(50% funded)
W. G. Pitt, N. Rapoport, D. Christensen

*Enhancing Manufacturing and Shelf-Life
of Protein-Based Materials and Devices
Using Trehalose

J. D. Andrade

Examination of Water Soluble Polymers
as Carriers for RNA Oligonucleotides:
Implications for Antisense Gene Therapy
and Enzyme-linked Diagnostic Assays
D. E. Rufiner, J. Kopecek

Fluorescence Lifetimes of Proteins at
Interfaces, Part II1
J. N. Herron, V. Hlady, W. Jiskoot

*Imaging of "Soft" and Weakly Bound
Surface Molecules with the Scanning
Interfacial Force Microscope

C. C. Williams, A. Dicarlo, V. Hlady

Interactions Between Human Lipoproteins
and Surfaces, Phase II: The Composition
of Adsorbed Lipid Layer and the Role of
Surface Charge

V. Hlady, C.-H. Ho, V. Omelyanenko

*Magnetic and Electric Field Enhancement
of Antibiotic Activity in Biofilm-forming
Pathogenic Bacteria (50% funded)

C. B. Grissom, D. Benson, S, F. Mohammad,

G. L. Burns

Photocrosslinking of Proteins
J. Kopecek, 1. D. Spikes, H.-R. Shen

*Denotes funded proposals.

ABSTRACTS OF FUNDED PROPOSALS

COATING INHIBITORY
ACTIVITY FROM TEARS:
lts Interference with ELISA and Biocompatibility

Jarmila Janatova and Karin Caldwell

Background

The eye is protected from bacterial invasion by a
variety of defense mechanisms, including the tear
film, which consists of the aqueous tears, lipids and
mucus [Holly, 1987; Smolin, 1987]. Tear fluid is a
complex mixture of proteins and glycoproteins (with
or without enzymatic activity), lipids, metabolites,
and electrolytes [van Haeringen, 1981]. The com-
plexity of human tear fluid has been demonstrated by
immunological and electrophoretic studies; some of
the proteins in tears are the same as those present in
normal human serum, while several of them are spe-
cific for tears [Gachon er al,, 1979: Gachon et al.,
1982/1983]. Between 50 to 60 protein components
have been detected in tears by two-dimensional gel
electrophoresis; this high number is due to the fact
that certain proteins may exist in multiple forms with
either different isoclectric points (first dimension)
and/or different molecular apparent sizes (second di
mension). Since numerous pathological conditions
have been shown to be associated with elevated or
reduced levels of certain tear constituents [Mackie &
Seal, 1984], there has been a need for rapid and ac-
curate quantification of these protein components.

Despite the popularity of ELISA [Engvall, 1980],
its use in the analysis of whole tears has been limit-
ed, since this type of direct immunological quantifi-
cation of proteins in tear fluid has produced erratic
results. Previously, lower titres than expected were
obtained for several proteins (IgM, IgA, IgG, Lf,
HSA) in sandwich-type assays of tears [Fullard,
1988]. During attempts to measure proteins in tears
directly by adsorbing them to the surface of uncoated
titre wells and detecting them with mono-specific an-
ubodies, the existence of a coating inhibitory activity
(CIA) in tears was noted [Boonstra er al., 1985].
CIA apparently suppressed the necessary adsorption
of antigen to the uncoated titre wells in their assay.

It was further speculated thar the existence of CIA in
tears may prevent deposition of tear proteins on con
tact lenses [Boot et al., 1989].

During our previous studies, supported by an earli-
er CBI grant, we have provided evidence for the
presence of CIA in tears from healthy individuals
[Janatova er al., 1993]. Tear fluid contains at least
one substance capable of interfering with both com-
petitive and sandwich-type ELISA carried out in the




Janatova, Caldwell, continued . . .

presence of the synthetic surfactant Tween®20. To
demonstrate CIA behavior clearly in the range of tear
volumes necessary to quantfy tear protein with the
sensitivity characteristic of ELISA, the decision was
made to use a protein of very low titre in te
namely factor H. Using & more sensitive sandwich-
type ELISA, correlations were observed between the
amount of tears present in the assay and the level of
suppression of the response to several antigens,
such as HSA, complement proteins C3. C4, factors
B and H. It was further established by us that the
presence of high salt concentration, namely 3 M
NaCl, during the incubation of antigen and tears
with the caprure antibody-coated microwells, abo-
lished in several instances, or substantially reduced
in others, the effect of the tear CIA during ELISA
The inhibition of ELISA by tears was found to be an
antigen non-specific phenomenon. The observed in-
terference with ELISA appeared to depend on the
suppressed formation of the antibody-antigen com
plex, and noton a competitive displacement of the
surface-adsorbed antibody by some agent in tears.
Preliminary dara indicate that the inhibitory tear sub
stance does not seem to interfere with the formation
of antibody—antigen complexes in solution, but this
needs to be confirmed further

Our results suggest that the use of 3 M NaCl in the
assay should allow determination of an antigen in 5
or 10 ul of tears, thus increasing sensitivity 25 or
50-fold, to 200 or 100 ng antigen per ml of tears.
However, the use of 3 M NaCl does not inhibit the
quenching caused by 5 or 10 pl tears completely.
Moreover, in some instances the formation of anti-
body-antigen complex seems to be affected by the
presence of 3 M NaCl. Therefore, an alternative re-
agent or approach needs to be sought, In the search
for mare efficient reagents, it would be helpful if the
nature of the inhibitory activity were known.

Objectives

(I) We have demonstrated the presence of a sub-
stance which interferes with the quantitation of
proteins in human whole tears using the wid
employed ELISA technigue. The levels of some
of these proteins, such as [gE or C3, are known
to vary in some disease states, accompanied by
infection and/or inflarnmation, The determing-
tion of their profile would be a useful diagnostic
tool, for example in the case of contact lens
wearers. We propose to work out conditions
that will allow accurate tear protein determina-

tion. This test may become instrumental in the

quantitation of a number of proteins from tears

and may have great diagnostic value

(IT) A substance which we designated CIA adheres
very strongly to the IgG-coated surfaces, it can-
not be displaced easily, and it prevents bind g
of other proteins to the coated surface, includ-
ing an antibody-specific antigen. Since bine
of CIA makes the artificial surface "repellent” 10
proteins, we hypothesize that if we are success-
ful in the elucidation of the nature of this tear i
hibitory activity, this knowledge could be ex-
ploited in designing new surface modifiers with
increased biocompatibility.

Methods

The majority of materials and methods 1o be em-
ployed in the proposed study are the same as those
already described in a paper [Janatova er al., 1992]
and a manuscript "Evidence for the presence of
coating inhibitory activity in human tears and its in
terference with ELISA" [Janatova er al., 1993]
The specific aims of the proposed project are:

1. To develop ELISA into a reliable assay for
quaniitarive determination of antigens in tear
fluid with a sensitivity better than 100 ng per ml
of tears. To achieve this goal, it is necessary:

a. to further investigate the effect of a high salt
concentration on ELISA, e.g. the effe

constant volume (5, 10 or 20 pl) of tears on

samples with different amounts of antigen ir
the presence of 3 M NaCl; the aim is to find
out whether there is going 1o be the same ef-
fect of a high salt concentration at different
points of a standard curve, and what expen
mental error would be involved: this should
be tested at least for three antigens: Factor
H, C3 and IgE;

b. todetermine the effect of 3 M NaCl on ELI-
SA of several antigens when monoclonal
antibodies are used, and compare the results
with those obtained by the same ELISA car-
ried out with polyclonal antibody raised
against the given antigen; our preliminary
data suggest that affinity/avidity seems to be
a very important factor, especially when as
say uses 3 M NaCl during incubation of an-
1i31:L'r1 with antibody-coated wells; the com-
plex between polyclonal antibody and
g n seems to be less affected by 3 M

I; but this finding cannot be

Ll 41 | L \
attempt will be made

CIA from the diluted tear sample prior to the
ELISA test;

d. toincrease the sensitivity of ELISA by em-
ploying a biotin—avidin—enzyme system:
only polyclonal antibodies will be used in
these assays; a part of IgG fraction will be
labeled with biotin via spacer and will serve
as 4 detecting primary antibody; avidin con-
Jugated with alkaline phosphatase will be
employed to detect antibody-antigen-—

antibody—biotin complex;

¢. tocary out radioimmunoassay in the fluid-
phase with the larger proteins (e.g. C3 with
Mr ~ 185 kDa) as antigens in the absence or
presence of tears to see whether CIA inter-
feres.

[Lis anticipated that the use of polyclonal IgG
fractions as both the capture and detecting antibod-
ies, the use of the biotin-avidin-enzyme system,
the presence of 3 M NaCl the incubation
igen with the capture antibody, may result in a
ELISA assay with the increased sensitivity,
ng able to detect antigens present at concentra
5 of about 20 ng per ml of tears, Such levels of
iti would be necessary in order to detect,

. complement proteins [Janatova er af, 1993],
c inhibitors of complement [Lass er al., 19901, or
dermal growth factor [Ohashi ez al.. 1989].

2. To biachemically characterize the inhibitory ge-
Since CIA adheres so easily to surfaces,
property will be exploited first, CIA will be
sorbed from diluted tear samples to the latex
polystyrene (PS) particles with 394 nm diame-
ter, and several biochemical tests will be per-
tormed to determine the nature of CIA (whether
protein, lipid, polysaccharide, mucin, erc.).
Among other tests, CIA on PS particles will be
directly subjected to SDS-PAGE. It is quite
likely that the adsorption to the surface will be
furst s1ep in the isolation of CIA. The pres-
ence of CIA in solution can be detected by its
ability to quench standard ELISA for facior H.

After identification of an optimal reagent and/or
pre-treatment which would prevent "quenching” of
ELISA by tears (1), and after elucidation of the na-
ture of the interference of tear inhibitory activiry
with ELISA (2), optimal conditions will be worked
out for determination of the antigens usually present
in tear fluid: Lz (lysozyme), Lf (lactoferrin), immuy-
noglobulins sIgA, TgG, IgM, IgE, C3 (the third
component of complement), HSA (human serum al-
bumin), and eventually TSP (tear specific protein).

L8]

Commercial antibodies are already available for most
of these proteins, with the exception of TSP, in
which case TSP would be isolated and polyclonal
antibodies would be raised in rabhits.

Significance of the Proposed Project

Very few people realize the importance of the tear
film in the protection of the surface of the ¢ye and in
allowing normal visual function. There are many
different proteins in tears that must be important in
preserving the surface of the eye and in maintaining
anormal and stable tear film. Understanding tear
proteins is critical for many ophthalmic disease pro-
cesses. However, there is little we understand about
them because of the inability, until recently, to meas-
ire these proteins accurately.

We have demonstrated the presence of a substance
which interferes with the quantitation of proteins in
human whole tears using the widely employed ELI-
SA technique. With this breakthrough, which will
eventually allow us to measure specific proteins di-
rectly in whole tears, it will be possible to carrv on
the study which will lead to an understanding of the
many different types of proteins, what function they
have and how they vary with different disease siates.
By solving the problem with the tears inhibitory ac-
tivity, we will have a whole new means of diagnosti-
cally looking at eve diseases,

Budger
Senior Research Specialist, $13,800
44% time effort
Materials and supplies 1,700
Total $15,500
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EFECT OF CHEMICAL COMPOSITION
AND HYDROPHOBICITY OF
BIOMEDICAL POLYMERS ON

INTERACTION WITH
COMPLEMENT PROTEINS

Jarmila Janatova, Karin Caldwell
and Vladimir Hlady

Objectives _
The aim of this project is to establish a link be- .
tween the binding of the major complement proteins

(C3, C4, C5, factors B and H) and the extent of
their activation (C3, C4, C5, B) as a function of the

chemical composition and hydrophobicity of an arti-

ficial surface. Based on the acquired data, it should
be possible to identify surface properties which
would be superior to others with respect to overall
biocompatibility, by being thromboresistant, caus
ing no adhesion of platelets, causing no activation
of complement proteins, or no adhesion and activa-
tion of a variety of blood cells. Specifically, we
will direct our experimental work in order to be

able:

1. toidentify materials which are activators of C3,
and eventually those which activate C5;

(%]

ties and C3 activation (e.g., binding of C3 10

to find a correlation between the surface proper-

hydrophilic surface seems to result in an expo-
sure of binding sites for factor B), as well as
binding of factor B and/or factor H;

3. todetermine the effect of treatment of artificial
surfaces with PEO (polyethylene oxide) chains
on binding of complement proteins, namely
binding and activation of C3;

{. 1o determine the effect of heparin (end-point or
PEQ-anached) on complement activation:

E:

wn

1o provide experimental daia to support or dis-
prove the mechanism of formation of the com-
plex enzyme C3 convertase on artificial sur-
faces, as proposed by us.

Background
The activation of complement induced by the pres
ence of biomedical polymers is believed to occur
most frequently through the alternative pathway
mechanism [1] which involves the following key
factors: C3 (the third and the central component of
complement), factor B (proenzyme; Bb fragment
cleaves and activates C3), factor D (this enzyme
cleaves and activates B), factor H (regulator of C3
activation), factor I (an enzyme that cleaves and in-
activates C3b, the non-catalytic subunit of C3 or C5
convertase) and P (properdin, control protein pro-
moting C3 activation). The contact of blood with
negatively charged surfaces, or use of some drugs
lt.‘.;!.. protamine sulfate which is used to neutralize
heparin) may cause the activation of the classical
pathway, involving other components of comple
ment, namely C1, C4 and C2 [2].
Two fragments are generated during C3 activation:
a smaller 9 kDa activation peptide, C3a, is an ana-
phylatoxin, and it is usually used as a measure of
complement activation. It also stimulates mono-
cytes to generate IL-1 [3]. The larger C3b fragment
is capable of covalent bond formation with -OH or -
NH2 groups: it has a potential to bind factor B and
thus to become a non-catalytic subunit of the C3
convertase (C3bBh), whose formation and stability
is mainly regulated by factor H. The products of C3
activation, fragments C3b or i1C3b, can also interact
with leukocytes via complement receptors (4] and
stimulate these cells to generate oxidative products
or release lysosomal enzymes.

Either of the two pathways may lead to cleavage
and activation of C5 (the fifth component of com-
plement) into C5a and C5b [5], provided that the
surface would support formation of the C3 conver-
tase, a three-subunit enzyme. The larger two-chain
C5b fragment in the presence of C6 can initiate as-
sembly of the C5b-9 membrane attack complex that
mediates cytolysis of target cells [6]. The smaller

C5a fragment, generaied from the N-terminus of
the a-chain during CS activation, in addition to be-
ing an anaphylatoxin (7], itis also a potent chemo-
tactic factor for polymorphonuclear leukocytes
(PMN]), and exhibits leukocyte-stimulating activi
ties [8;9; 3]. It induces PMN 1o release oxidarive
products and/or lysosomal enzymes [10] and CSa-
stimulated monocytes may generate IL-1[11], In
addition, the binding of C35a or C5a des Arg to the
CSareceptor induces in PMNs enhanced expres-
sion of the C3b receptors, enhanced adhesion to en-
dothelial cells, and stimulates arachidonate metabo-
lism [11].

It is believed that the altemnative pathway 1s activat-
ed by surfaces which exhibit specific biochemical
characteristics allowing C3(H20) or bound C3b to
initiate assembly of the C3(H20)Bb or C3bBb
complex, an initial [12] or amplification C3 con-
vertase [13]. Whether the activation of C3 would
proceed on a biological surface depends on the sur-
face properties which may influence binding of fac-
tor H to surface-bound C3b, and the discrimination
between activating and nonactivating biological
surfaces depends on the relative capacity of H 1o
bind to C3b. Thus, in analogy to biological surfac-
es, it could be assumed that the more biocompatible
biomaterials, with respect to complement, would be
those which promote preferential binding of a regu-
latory protein factor H, and do not favor the bind-

ing of factor B [1].

in

The current hypothesis about the difference in
complement activating potential by artificial surfac-
es (cuprophan, cellulose acetate, polyacrylonitrile)
has been based on measuring generation of C3a in
the fluid-phase [1, 2, 14]. Our recent rescarct
findings, however, clearly indicate that the require-
ments for the formation and stability of the C3 con
vertase on artificial surfaces differ from those on bi
ological membranes [15]. Ourexperimental
approach enables us to evaluate overall activation of
*C3 which occurs in the presence of all other serum
or plasma proteins, and it allows us to follow the
fate of the #C3 molecule, both on surfaces and in
the fluid-phase [ 16].

The formation of the C3 convertase, which
cleaves and activates C3, will be investigated on
those synthetic polymers, such as PAN, which do
not posses free -OH or -NHp groups, and yet they
bind C3 and promote C3 activation. Based on pre
vious results, it can be assumed that the adsorption
of native C3 to artificial surfaces may result in its
conformational change(s) and enhanced hydrolysi
of its internal thiolester which leads to the appear
ance of a free -SH group. The resulting C3(H,0)
form would express either factor B and/or factor H
binding sites, depending on the C3 conformation
and/or orientation, which is expected to be gov-
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emed by the biomaterial surface properties. Forma-
tion of the presumed initial C3 convertase C3
(H20)Bb on the biomaterial surface, without neces-
sity of covalent binding, will be probed as a func-
tion of the artificial surface properties. Whether the
further activation, once initiated, is potentiated by a
subsequent covalent binding of C3b to other plasma
proteins bound to that membrane, also remains to
be elucidated.

Rationale of Research Plan

Hemodialysis membranes [17] with a variety of
chemical groups and varying degrees of hydrﬁpha-
bicity or hydrophilicity, provide us with an ideal
model for a study of the mechanism of complement
activation by biomaterial surfaces. Membranes
based on (i) regenerated cellulose: cuprophan (CU),
cellulose acetate (CA), Hemophan (HP), and on (ii)
synthetic polymers: polyacrylonitrile (PAN), poly-
sulfone (PS), polymethylmethacrylate (PMMA ),
will be examined in swudies proposed here. In addi-
tion, (iii) cellulosic membranes modified through
end-point attachment of heparin [18, 19] will also
be analyzed. Although this treatment was reported
to prevent coagulation without necessity of exces-
sive administration of heparin [20], its effect on
complement needs to be reexamined in more detail.
since a different mode of heparin immobilization re-
sulted in a 3-fold increase of C3 activation [21]. In
order to retain heparin bioactivity after its immobili-
zation, and to increase a number of immobilized
heparin molecules, a more recent protocol utilizes
the amplification of the reactive sites on the polymer
surface, and it also employs polyethylene oxide
(PEO) as a spacer [22]. It certainly would be
worthwhile to explore the effect of this modification
on complement and inflammatory response
Much emphasis has been placed on making sur-
faces hydrophilic to reduce protein udmrp[js;h and
cell adhesion. For example, a common hydrophob-
ic medical material such as low density }x;h'c:hv-
lene (LDP so used as the NHLBI Primary Ref-
erence Material) may be coated with (PEO)- ;
contaning non-ionic polymeric surfactants 123]. In
another study, carried out also at the University of
Utah, a PEO-PPO-PEO triblock surfactant (with the
riatio 129:56:129) was used for coating polystyrene

articles | 24| 1o minimize protein binding, To pre-
2Nt any possible desorption or displacement, PEQ
of various chain lengths was grafted covalently 1o
poly(ethylene terephthalate) films [25]. The PEQ
chains of 18,500 daltons appeared to be an apti-
mum chain length for reduction in protein adsorp-
tion and hence reduction in cellular interactions on
the surface to which it is coupled [26].
o1, growing evidence shows that the
chemical nature of the surface is also very important
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ENHANCING MANUFACTURING
AND SHELF LIFE OF PROTEIN-
BASED MATERIALS AND DEVICES
USING TREHALOSE

Joseph D. Andrade

Background and Rationale

Proteins are now widely used as components of
materials and devices. In biosensors proteins with
specific recognition properties are used to impart
specificity. In the area of blood compatibility, pro-
teins such as alburmin are often immobilized to mini-
mize the undesirable activation of other plasma pro-
teins. In some biosensor and diagnostic applica-
tions, photoproteins such as firefly luciferase are
used to generate a unique and novel biolumines-
cence signal.

The proteins of biological motion, including actin,
myosin, kinesin and dynein, are now being applied
to surfaces for scientific and even technological pur-
poses.

In many, if not all, of these applications it would
bedesirable to be able to completely dehydrate the
material or device for storage, for shipping purpos-
es and to minimize the potential for microbial con-
tamination and growth in aqueous environments.
As most proteins are marginally stable and depend
on relatively specific water interactions for their
conformational state and stability, a dehydration
process normally results in irreversible alteration
and inactivation of the protein. In some cases this
process is alleviated by freeze-drying or lyophiliza-
tion. Although proteins do tolerate such proce-
dures, they often must be kept deep frozen 1o avoid
other changes which lead to inactivation.

A small number of proteins with the appropriate
use of additives and process control can be lyophi-
lized and then warmed to room temperature and
stored as a dry powder. However, for most pro-
teins, this process results in significant inactivation,
particularly for proteins immobilized at an interface
for materials and device applications.

The air or vacuum drying of proteins at room tem-
perature generally results in irreversible denaturation
due to removal of waters which are critical for 3-
dimensional structure, development of significant
pH fluctuations and the high ionic strength which
results during the drying process

By looking to biology for guidance and inspira-
tion, one finds that there are a variety of living or
ganisms that can tolerate complete and total dehy-
dration and come back to life when exposed to
water. This process is commonly called anhydrobi-
osis or sometimes cryptobiosis. A good example is
dried seeds and spores, but there are more complex
and interesting examples, including various species

of nematodes and a very unique class of organisms
called tardigrades, commonly called water bears.
These are large, multi-celled organisms which can
be completely dehydrated and returned to life with
almost 100% survival when reexposed to water,
even after many years of total dehydration at room
temperature,

Studies of these and other organisms have shown
that as drying begins, their biochemistry is shifted
to producing large quantities of a unique disaccha-
nde, trehalose. Trehalose is a non-reducing disac-
charide of glucose and is commonly found in very
high concentrations in nearly all anhydrobiotic or-
ganisms and structures. As much as 20% by dry
weight of these dry organisms is trehalose. This
disaccharide is not widely known and has not been
extensively studied. Recent computer molecular
simulation studies and extensive differential scan-
ning calorimetry studies demonstrate that cell mem-
branes, liposomes and other phopholipi ain-
ing structures are stabilized against dehyd
trehalose. The molecular modeling stuc
perimenial evidence suggest that trehalose functions
by substitution of water which is tightly hvdrogen
bonded to the phospholipid head groups in cell
membran d intra-cellular structures. As the
water is removed, in the absence of trehalose, the
phospholipid layers undergo significant changes in
their thermal properties and their stability and struc-
ture. The presence of trehalose during drying al-
lows trehalose to substitute for the water. The ste-
reo chemistry of trehalose permits it to directly
hydrogen bond with several phospholipid head
groups, thereby stabilizing and almost cross-linking
the lipid membrane by cooperative hydrogen bond-
ing. Trehalose's high molecular weight and low
volatility permit it to be used as an additive which
remains in the preparation after water drying is
complete.

The addition of trehalose to purified protein prep-
arations is already beginning to be applied in the
biotechnology and enzyme engineering communi-
ties. It has not yet been studied or applied, 1o our
knowledge, for applications involving immobilized
proteins on and in materials and devices.

Model System

Most of what is known about trehalose’s bio-
chemical interactions deal with its binding to mem-
branes and phospholipids. There has been recent
work done with its interactions with proteins and
the stabilization of proteins, but such work is limit-
ed at present.

Mr. Dong Min in our group has been studying the
dehydration of various marine protozoa in trehalose
media with some success. Mr. C. Y. Wang is
working on firefly luciferase interactions with

phospholipid monolayers and liposomes and intends

to extend such work to lipid layers transferred 10

solid supports. This latter work is funded by CBI.
Firefly luciferase is an excellent protein with

which to study potential uehalose stabilization for a

variety of reasons:

1) Itis very re:
thermal denat 1
most studies of its immobilization 1o s
very little activity remains.

2) Itis a photoprotein, which me

the addition of lucif
This is the basis of its enzyme activity, and the light
emission characteristics are exquisitely dependant on
its three-dimensional structure and stability.

rin and ATP, it emits light

3) Itis a highly hydrophobic protein. There is
some evidence that it binds and interacts with phos-
pholipid membranes, and it may even be a mem-
brane protein, Indeed, this is one of the hypotheses
which Mr. Wang is studying in his project.

4) Itis reported o have a high degree of ionic
haracter on its surface and in and arol he active
site. Water binding is likely to be critical for the sta-
lity of this region of the molecule. This same re-
n of the molecule may be also involved in its in-
tion with phospholipid head groups.

These four characteristics, coupled with the fact
that we now have considerable experience with fire-
fly luciferase, lead us to suggest that this could be a
useful model protein with which (o study the effec-
tiveness of trehalose stabilization '

Other model systems could include the fluoroscein
monoclonal antibodies so extensively studied by Jim
Herron and colleagues and well known to the CBI
group.

Pfuﬁr sl

The behavior of firefly luciferase is very buffer
sensitive, not only in terms of pH, but also in terms
of buffer components. The most common buffer
used for this enzyme is glycyl glycine.

We propose to study the behavior of firefly Jucif-
erase as a function of buffer, buffer pH and disac-
charide additives and concentration. The disaccha
rides will include trehalose, mannose and sucrose,
three which are routinely used for cryopreservation
and for preservation against drying damage. The
behavior will also be examined as a function of Ju-
-.‘1!':r:|_\:c solution concentration, purity of luciferase
the effect of added proteins and stabilizers, q_‘,\[\c‘_'j;l_il-
ly albumin. Various preparations will be dried ar
Varnous rates ranging from an exceptionally slow

dry to very rapid vacuum dry, but in all cases at
room temperature.

_Our goal is to develop a process which will permit
the solutions to be dried from approximately room
temperature without free or the use li;ll_lL_,,|_‘
The dried solutions will then

. and the behavior of the enzyme ex-
tion of time after reconstitution by
ATP analysis and photometric

quantitation.

If time and resources permit, we will perform the
same study with bacterial luciferase, which utilizes a
different luciferin for its activity and does not re-
quire ATP; with aequorin, a ca ium-dependant
photoprotein; and possibly with luciferase and lucif-
erin punified from our dinoflagellate bioluminescent
cultures.

Our consultant, Dr. J. H. Carpenter, one of the
experts on the use of trehalose for protein stabiliza-
tion, just joined the faculty of the University of Col-
orado Health Sciences Center in Denver. We pro-
pose to invite him to the University of Utah to give a
detailed seminar on his protein preservation work
and to generally advise us and assist us in the plan-
ning and conduct of this project.

Assuming that optimum buffer, pH and trehalose
concentration conditions indeed result from these
studies, we will then proceed (o study the effect of
these optimum conditions on the behavior of immo-
bilized firefly luciferase, including direct physical
adsorption, covalent immobilization through glutar-
aldehyde/albumin coupling and incorporation within
liposomes.

Budger

Half-time graduate student $7,500
(probably Dong Min, as part
of his general work dealing
with the preservation and
behavior of bioluminescent
proteins and related materials)
Supplies 1,500
Travel 500
Consultant, Dr. J. H. 500
Carpenter, travel and
honorarium

Total $10,000
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ENHANCED ANTIBIOTIC

TRANSPORT IN BIOFILMS

William G. Pitt, Natalva Rapoport
and Douglas Christensen

Introduction and Background

Bacterial colonization on the surface of implanted
medical devices leads to infections that compromise
the health of the patient and often preclude further
use of the device. These implant infections are te-
nacious in their resistance to the host immune sys-
temn or to antibiotic therapy, and an infected implant
must usually be removed to completely contro] the
bacterial infection. An important observation is that
the antibiotic concentrations that effectively kill bac-
teria in suspension (planktonic bacteria) are ineffec-
tive in completely killing an established biofilm on
an implant. The current theory behind this observa-
tion is that transport of the antibiotic throy
biofilm is very slow, and the antibiotic might be in-
activated by bacterial enzymes, by adsorbing on the
high surface area in the biofilm, or by some other
mechanism before they can reach and kill the bac-

al Stan-

teria deep in the biofilm adjacent to the implant sur-
face. The bacteria on the surface might be killed,
but the deep ones survive and regcmr.: > the biofilm
as soon as the antibiotic therapy is stopped

At the CBI meeting last April, Costerton proposed
that electrical stimulation of a bacterial biofilm in the
presence of antibiotics killed the biofilm. He was
confident of the results, but not at nfident
about the mechanism producing the results. Possi-
ble mechanisms include enhanced transport of the
antibiotic into the biofilm or increased permeability
of the cell wall toward the antibiotic. Costerton also
showed confocal laser microscope images of a bio-
film that revealed the presence of pores and chan-
nels from the surface to the interior of biofilm.

We propose to investigate the use of u i
treatment of the biofilm to similarly dest
bility of biofilms on polymers or other st
We hypothesize that ultrasonic stimu
films may enhance transport of bacter
within the biofilm, and may increase
ty of the cell wall. Inach
treatment of biofilms has several advante
Costerton's electrical treatment, should be
ods prove to be effective in eliminat
implants. The major advantage is that ‘ultrasound is
non-invasive. No electrodes (or electricity) need
penetrate the skin, and the ultrasonic can be
easily controlled and focussed at Il"e in on site.
Ultrasound has been used saf ;
for diagnostic medical imaging
ades. There are medically accepted s
power (below 100 mW/cm?) and total dosage (less
than 50 J/cm2) [1]. Higher energies are allowed for
therapeutic exposures, which inc lud:‘ physical thera-
peutic treatment of bruises and burns. We believe
that the clinical advantages of ultrasonic stimulation
of an infected implant over electrical stimulation
make this research worth pursuing

Enhanced Membrane Transport

In addition to the applications in medical imagi
and physical therapy, recent reports show that ultra-
sonic stimulation in the range from 48 kHz to 1
MHz is effective in increasing transport of biomole-
cules through the gills/scales of fish [2,3] and the
skin of ruimrx [4-6] by 5 10 20 fold, The investi-
gators have speculated that the ultrasound increased
the permeahility of the gills, scales or skin to the
biomolecules. Levy has also shown that T MHz
frequency ultrasound enhances transport of salt
through polymer membranes [4]. Although these
researchers have not vet determined the exact mech-
anism, they suspect that cavitation, local heating or
local fluid movement may be involved. We believe

echanisms could also increase transport
viofilms.

d Objectives

ree requisite steps in the elimination of
a bacter fection on an implant. These are
ransport of the antibiotic through the extracellul:
ansport of the antibiotic

matrix to the bacteria; 2) t
into the nd 3) effective antibiotic action
within t a which results in complete killing.

ich concentrates on the first two steps of
;. The main hypothesis of this work is

or ultrasonic pressure waves can sinu-
ompress a bacterial biofilm that will in wm
igqueous media in and out of the pores and
“the biofilm. A second hypothesis is that
ity of the bacterial wall toward antibio-
s is increased. The results of one or
processes will be to reduce the viabili-
il biofilms on solid substrates. We pro-
pose to examine these hypotheses by accomplishing
] £ objectives:

-asure the transport of a fluorescent dye
sugh a bacterial biofilm with and without
asonication.

2: B ite the change in transport within the
hacterial biofilm due to ultrasonic sumula-
tion by measuring the change in thermal

conductivity of the biofilm.

3. Meuasure the uptake of ESR \pm |.|Jkl d
gent amicin by gram posit
negative bacteria with and \A.llimll! appli-
cation of ultrasound.

4. Measure the minimum inhibitory concentra-
tion of gentamicin on suspended bacteria
with and without application of ultrasound

tn

Expose a growing biofilm on a solid sub-

strate 1o antibiotics in the presence of ultra-
sound and measure the viability of the bio-
film as a function of ultrasonic frequency,
power and antibiotic treatment parameters.

Experimental Plan

The organisms will be clinical infection isolates of
Staphylococcus epidermidis and Pseudomonas ae-
ruginosa. Dr. Christensen and Dr. Pitt have already
assembled ultrasonic transducers, signal generators,
and amplifiers to investigate a frequency range from
1 o 10 MHz,

Permeability Measurements. A permeability
ransport cell composed of two compartments separ-

ated by a polypropylene membrane filter (Celgard
or Metricel) as described by Levy [4] will be built.
The ulirasonic probe and a fluorescent tracer (rhod-
amine MW=381 or fluorescein MW=332) will be
placed in the first compartment, and transport of the
tracer into the second compartment will be meas-
ured optically. Measurements will be made with
and without ultrasonication on the membrane alone
and on the membrane colonized by a bacterial bio-

film.

nvective Transport Measurements. If liquid is
ped in and out of the pores and channels of the
m, this will increase the convective transpon
of the biofilm. It will also increase the apparent
thermal conductivity of the biofilm. We will use a
transient hot-wire cell available to Dr. Pitt to meas-
ure the change in thermal conductivity of the biofilm
produced by ultrasonic stimulation. This apparatus
is normally used to measure the thermal conductivi-
ty of liqui ds [71, but it can also measure the thermal

conductivity of coatings on a plarinum wire. In
these experiments we will grow the biofilm on the
Pt wirc. An electrical pulse of about 0.5 sec dura-
tion causes heating of the thin wire arranged in one
leg of a Wheatstone bridge. The resistance of the
wire is simultaneously measured, providing the
temperature of the wire, The thermal conductivity
of the biofilm can be calculated from the tempera-
ture risc of the wire. We expect that the measured
thermal conductivity of the biofilm will be greater in
the presence of ultrasonication. Mathematical mod-
els show that the total temperature rise of the Pt
wire and biofilm is only 0.7°C, so the biofilm will
not be damaged by the measurement.

Uptake of ESR-]at | Gentamigin. Gentamicin
will be labeled with an ESR spin-label probe in the
lab of Dr. Rapoport. A six hour old bacterial cul-
wre will be exposed to the labeled ant biotic and ul-
trasound for 30 minutes, and then the bacteria will
be filtered and uu:rmmhlx washed in cold water,
and then frozen in liquid nitrogen for transport and
storage. The bacteria will be transferred 1o an ESR

cell, thawed, and the ESR spectrumn will be collect-

ed. These spectra will show bot h the total amount
of gentamicin uptake, and reveal relatvie amounts of
the gentamicin sequestered in the bacterial lipid
membranes or in the cytoplasmic compartments
Cnm;\.ln\un to similar experiments conducted with
out ultrasonic stimulation will show if ultrasonica-
tion enhanees transport of the antibiotic through the
bacterial cell wall.

Minimum Inhibitory Concentrations. The mini-
um inhibitory concentration of gentamicin toward
the bacteria will be measured by standard proce-
dures. Gentamicin inhibits cell growth by binding
to the 30s ribosome subunit and interfering with
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.Bf‘gjﬁ]m \-'_1.-1hj1'm-, Ton re the viability of a ?:\" ‘t;],:l'-,;:,[ﬁ:h-,!l\;h;\[ﬁfrwr:&[‘;:rjli 1-;h and : ];\1[ To develop a Scanning Interfacial Force Micro- late (HEMA) films ~ )
E:::}‘ij[Tt“]:i]llt]tld..;:uullil:[.. I-Il [ut::;\:”é:i:;l.:[l il be ”'I‘ ol :;3 with the j‘r'-'_i-'-’l_\[_ ah and at :tﬁg:ﬁ:;::& of i :|1'n.:lyng1 soft ‘.Erﬁl:}.s and \ILdkl\ _h. E‘ilwd ‘p-]_.ue.let_s
t » that used by Costerton S surface molecules with high spatial reso- Adsorbed Proteins:
into which the 1 MHz transducer will be positioned Rifeissics lution. a. [gMon mica
.ahnlvc the h}nﬁlt[‘n_ In some experiments we will si- =
multaneously observe the biofilm with a video mi- e : Motivation Significance
croscope. Viability of the biofilm will be assessed b \ . ; -IH_I'_”:!:' ; - The contact Atomic Force Microscope (AFM) has '?'h::r imaging of soft or weakly adsorbed molecules
by removing the cells from the surface and plating : M R been shown to be limited in its ability to image soft with the contact AFM has been seriously limited by
them in agar media. R T = or weakly adsorbed materials with high spatial reso- the strong attractive interactions between the tip and
N = {.1"];[1“"'_'“'\_"";' \'I‘u' S g‘”””“li""” lution. The source of this limitation is the long surface. The Scanning Interfacial Force Microscope
Preliminary Results 5076.208. 1991 range attractive forces which exist between the tip appears to have the potential to overcome this obsta-
Minimum Inhibitory Concentrations. During the PSR and sample. These attractive forces (and force gra- cle and to provide near atomic resolution imaging on
past 2 months we have been measuring the mini- 3. Teleohions convirsation with Yerathan Zok dients) are typically large enough to cause the AFM soft or weakly adsorbed surface structure. The
mum inhibitory concentrations (MICs) of gentami A R U e b, Uniy. of tip to jump into a hard rep wulsive contact. Underthis  achievement of this goal with the SIFM should open
cin toward suspensions of S, epidermidis and P. ae > B0 Bltochniagy. condition, the minimum force with which one can the door 1o many areas of investigation on these dif-
ruginosa. Parallel experiments were conducted on 4 D Lew T Wikt Y Mushalim, dnd B Lases 72 image the surface is determined h> the magnitude of ficult surfaces. In particular, we believe that the
suspensions in an incubator and on suspensions iy ol Sl o e this attractive force. On soft surfaces or systems of nanometer scale study of biopolymers at inierfaces
placed in a temperature controlled son g cleaner sy weakly bound adsorbates, this contact force is gen- will be greatly enhanced by this new approach.
that t;}pﬂ:\iﬁa‘; at ;JJL:[ 35 kHz. In this sor -Jm;g 5: ) Kt il Ilirsind Eibinssmen oE TrasAs erally too large to allow imaging without significant ) i
bath the or P. aeruginosa is always about Dirus ST R S L e distortion of the surface [1-3]. In the case of soft Budyer
33% lower, and the \..|h'e cell count in the presence Disg:-Dotivory, U, patcal 407,402 1708, materials, the tip is emhcl*d‘,rj in the surface by é;t]:;r\'l.»\.DlL'arlo. $13,500
of 4 pg/ml Gentamicin is two orders of magnitude 6. K.Tachitans s P y these attractive forces. The tip makes contact to the par_t-limc Post-Doc)
If"r\er !!!.m_v«uht‘_u[ sonication 1 .\\—_.|_-1 S RSt e surface over a large area, and poor spatial resolution Supplies 3.000
the sonication enhances the uptal g is achieved. In the case of weakly bound adsor- Sample Preparation 500
o P. aeruginosa. This effect is not observed for 7. bates, the tip will typically move the adsorbates dur- Travel 1,000
J. EP} ing mmﬂm‘_. causing 1mproduuhk results. An al-
Total $17,500

temative to contact AFM is the atractive mode or

Preliminary Calc ulations. Preliminary calculations
non-contact AFM. With this technique one avoids

using an oversimplified m odel of the biofilm as a ' - -

mass \onnr_'ue[d to a rigid surface by a Maxwell ele- Budget the strong interaction with the surface, but at the References

ment (series elastic and viscous element) showed i : ’ same time, spatial resolution is generally lost be-

that the resonarice : g e Univ, of Ush ~ BYU Total : LSRN o oty |

that the resonance frequency of the biofilm is given ? : o cause the tip is typically more than a few nano- 1. A.S.Lea, A. Pungor, V. Hlady, J.D. Andrade, J.N. Her-
ron, E. W. Voss, Jr., Manipulation of Proteins on Mica

meters from the surface

by Atomic Foree Microscopy, Langmuir 8 (1992), 68

: Student Wages SE000  S6,000 S 12,000 .
[Lw where k is a spring constant, - N . The Scanning Interfacial Force Microscope
Suppor for 2 000 2000 (SIFM ) [4, 5] provides a mcuns_mr bringing the tip o -
is a damping (viscous e _— Dr. R: i arbitrarily close 1o the surface without the typical 2. A.L.Weisenhom, B, Drake, C. B. Prater, §. Gould, P.
i1s & damping (viscous) constant, and m is mass. r. Rapoport K. Hansma, F. Ohnesorge, M. Eggerm, 5. P. Heyn and
For a biofilm 10 microns thick with a density of _]u;n\]:)‘ lulfnmu llg.tlu;;{jn with the |.o|nunnm1.ail‘II H E Gaub, Immobilized Proteins in Buffer Imaged at
1.05 g/em3, the resonance frequency based on this ESR Supplics 1,000 1.000 A byl i JL: k:‘;h L\ 3}113?]; ing ‘iim’“ onit 5 Molecular Resolution by Atomic Force Microscapy,
simplified model ranged from 35 kHz 10 11 MHz and Cells $ip Dy BLOCHOING SCECUACK WICH CRNCY Calosts ook Biophysical J. 58 (1990), 1251
depending o S o the force between the tip and surface. The jump to
epending upon the value used for the compressive /
modulus (from 102 to 105 Pa) of the biofilm. At Bacterial Growth 500 500 1.000 contact is eliminated by this method, allowing for 3. 0.M. Leung and C. Goh, Oricniational Ordering of
i ':} s S e ol Media and Misc force measurement to occur at very small gaps with- Polymers by Atomic Force Microscope Tip-Surface In-
this thickness, the L‘irh“l‘""d resonance irequency is Supplics out strong repulsive contact at the end of the tip. teraction, Science 255 (1992), 64.
}Ia]]rl_\' independent of the viscous nature of the bio- - The surface force is measured by measuring the
e 1. c S e et . = RS ¥ : /| or £
. :\.l_lhuu.{_..h ne d‘? not know if an acoustic reso Ultrasonic Cham. 1060 100 feedback force required to compensate for the sur 4. G.L.Miller, J. E. Griffith, E. R. Wagner and D. A
nance will existin areal biofilm, this calculation is S 000 o ma force at any tin/sample separation. The benefi Grigg, Rev. Sci. Insir. 62 (1991), 705
; s bers and Apparatus face force at any tip/sample separation. The benefit E
useful 1”;5‘0“!8 that the ultrasonic frequency . is that imaging can be performed with high resolu- Sci. Instr. 62
- ably produce bi tamria s ; &8 ! = A : ston, Rev. Sci. Instr. 62
ranges will probably produce biofilm vibrationsand $10,500 $6,500 $17.000 tion due to the proximity of the probe without sig- 5 ‘5]";:'[]‘3.-:;; and J. 1./ Houmon, Rev. 6
? nificant repulsive forces applied to the surface. M

the accompanying pulsatile pumping of the biofilm.
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MAGNETIC AND ELECTRIC FIELD

ENHANCEMENT OF ANTIBIOTIC

ACTIVITY IN BIOFILM-FORMING
PATHOGENIC BACTERIA

Charles B. Grissom, Dianna Benson,
S. Fazal Mohammad, Gregory L. Burns

Specific Questions to be Addressed
1. Is antbacterial activity in biofilms enhanced by:
a. static or modulated magnetic fields:

static or modulated electric fields?

2. What are the optimal conditions for any effect
observed?

3. Is enhancement of antibacterial activity specific
to particular antibiotics?

4. Is enhancement of antibacterial activity specific
to particular pathogenic bacteria?

Background

At the spring 1992 CBI meeting, Professor J. W.
Costerton presented data illustrating the clectromag-
netic field enhancement of antibacterial activity
against biofilm-forming bacteria. He reported that
inhibition of Pseudamonas aeruginosa and Staphy
lococcus epidermidis was dramatically enhanced by
an undefined electromagnetic field that alternated in
polarity at a rate of less than 1 Hz. The apparatus
described contained both electric and magnetic field
components and did not differentiate between the
importance of pmaihlt electric field effects and
magnetic field effects. If this method can be devel
oped further, it promises to improve significantly
the current protocols for prophylactic inhibition of
pathogenic infections in transdermal and intrader-
mal devices.

Materials and Methods

Biomer (Ethicon, Inc.) was selected as a repre-
sentative polyurethane because of its availability
and its use in fabricating blood-contacting prosthet-
ic devices in the artificial heart laboratory. Glass
slides coated with a thin layer of Biomer are incu
bated in broth containing either 8. epidermidis or P
ageruginosa. A biofilm forms within 60 minuies and
the slides are washed with phosphate-buffered
0.9% saline (PBS), pH 7.4, and transferred to a
growth medium containing the antibiotic to be test-
ed. The slides are incubated in this medium in the
apparatus that will give the desired magnetc o
electric field. After 45 minutes, the slides are
washed again and briefly sonicated to suspend the
c Ils in PBS. This cell suspension is serially-

diluted and distributed on sheep blood agar Petri
p] ites to quantify cell viability. The microbiological
aspects of the above memUI are well established

Research Laboratory.
Objectives 1-4 can be answered by vary
field type, field strength and antibiotic. Cell
ty after treatment has been chosen because the
mate goal is to increase antibiotic effectivencss
Ongoing investigations of the effects of m
and electric fields on enzymatic and chemic
tions are underway in the Grissom laborat
perimental apparati have been developed
the magnetic field and electric field vectors © ad-
dress questions related to the mode of actior
optimal field conditions. Traditional wire-
electromagnets with and without iron |.K\.n,\
access to homogeneous static and modul
netic fields from 0-7000 Gauss and (-500 «
respectively. These magnet sytstems provide
than 0.01 V/m electric potential to enable
studies of magnetic field effects. Parallel
clectrodes with agarose gell-filled salt bri
vide access 1o electric field potentials witt
magnelic field component. Witha lem:
this provi ides access to electric fields of g
10 V/m while minimizing unwanted solutic
istry or electrolysis of Ha

Resulis

This project has been in
awarded from the CBI dir
funds are now exhausted and
port the project are not availa
date are encouraging and warra
hensive and demiled investigat

=d under sta
tor's fund. T
other funds to s
Our results 0
4 more Compre-

moncy

genlamicin 33+ 8% 33+ 12%

field & gentamicin -8l

nation.

There is a reproducible decrease in the viability of
biofilm-sequestered pseudomonas in a 10 Gauss
magnetic field and 2 ug/mL gentamicin. This en-
hanced antibiotic activity does not exist at 20
Gauss. The data at (1.1 V/em electric field are pre
liminary but do not reflect an enhancement of anti-
biotic activity. We are now extending our experi-
ments to additional magnetic fields and antibiotics.

One of the strengths of this proposal is the inter-
disciplinary team that is collaborating on this re-
search ‘1mpnnl. Coworkers from the Anificial
Heart Laboratory and the Department of Pathology
are familiar with the problems and limitations of ex

ransdc
juate student stipend (50%) $6,750
igital teslameter and probe 800
jer and power supply 800
nodulated electric fie Ids)
3 (actual costs currently §,400

nonth)
T'otal 16,750
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RESEARCH PHOJECTS

ers presented at I-a a

MOLECULAR RECOGNITION OF
MUTANT MYOHEMERYTHRINS
AT GOLD ELECTRODES

Martin E. Fossett, Gregory M. Raner
and Walther R. Ellis, Jr.
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MAKING PROTEIN SURFACE

: {'\‘ﬁ AS A FIRST STEP TOWARDS
_SELECTIVE IMMOBILIZATION
SRENT PROTEINS

Viadimir Hlady and Jie Liu

_the final goal of this study is to co

eins to destined miniature
months, we have focused
ses of this project, modi-
iting surface [
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ced portion were
with p-a bromide
nd the ct S zide (-NNN)
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ICON REPRESENTATION OF PROTEIN
STRUCTURES AND PROPERTIES

Feng and Joseph D. Andrade

We have designed some 20 sets of prototype icons
(or cartoons) to represent a variety of structures and
properties of proteins, based on the idea of the Tatra
plot Our goal is to give a direct and easily under-
[‘h]l..ﬂ overview for proteins or their do-
mains so that the readers will be immediately im-
pressed and able to quickly comprehend what they
are seeing. Sixteen parameters, together with their
icons, were displayed on the poster, includi

1. Molecular weight:

- Iemperature of thermal denaturation;

. GdnHCl concentration of 50% denaturation:
Hydraulic compre: !‘u.

= of \urﬂ“ e lension kinetics at low bulk

hisi,

6.! \ulnde bonds;

7. ve surface hydrophobicity;

E\. state surface pres

3 urface tension kinetics at high bulk

concentration;

10. Ratio of nonpolar residues in sequence;

11. o-moment multiplied by ¢-helix fraction;

12. B-moment multiplied by B-helix fraction:

13. Accessible negatively charged oxygen atoms;
14. Surface charge density:

I'5. Selution solubility and stability: and

16. Surface concentration in competitive protein

adsorption

10ns

15 lyso-

The poster also showed examples of appli
ns to description of the globul te
] 2lobin, Comparison of a structure or
prl operty of the two proteins can be directly made.

SURFACE CURVATURE EFFECTS ON
PROTEIN ADSORPTION AND
BIOLOGICAL ACTIVITY

Maneesh Adyvanthava, Patrick Huang
and Karin D. Caldwell

Colloidal particles are increasingly used a
id phase in reactions between an immobilized
:nulc._'uh: and its soluble subs or ligand
cal examples include h‘s[h malytical uses of ¢
P olein LOI"'I.\|L xes in latex- '5.1'ﬂ..| immunodi
tics, as well as pre ive uses in which so
gand of interest is p ur‘j ied through biosp:
sorption to its complementary protei
particle for easy segr n from soluble co
nants. Whether the application is analytical
parative, both the surface d g
lized protein, as well
JLi\nrh;[‘I state, will affect
protein complex.

The two expected prin

ecific ad-

ttached to a

v effects of vary
re€ase 1n surtace are
> in total protcin with a decrease in diame
ven mass of p.:u'uLh s, .uu (2} an :n\
reactivity associated witk
related ir S€ in mass [r.mm r I-: :
ous observations from this laboratory have i
ed that particle curvature may influence the ad
ton of synthetic polymers as well as protei

In the first phase of the present study, we hay
concentrated on developing methods i
ing surface concentrations and biolc
for the smallest prmu'\\ in our proposed
namely hen lysozyme (LYZ) and Streptavidin (SA)
For the latter, a new [1 uorescence based assay is
shown to agree well with data from amino acid
analysis; for a 272 nm particle, both indicate the
maximum surface concentration of irreversi
bound protein to be around 1 pmole/em2. The spe-
cific binding of biotinylated small ligands is only
(0.3 moles per mole of adsorbed SA. as nppmu& 1o
4 moles per mole of solu SA. Compared to a
commercial SA-coated 2.8 tm bead (with unknown
protein surface concentration), the amount of biotin
bound per unit weight is 4 times higher on the
smaller particle. LYZ has been adsorbed to a series
of particles ranging from 165-360 nm in diameter.
From amino acid analysis, the surface concentration
owing a reproducible maximum of 21 pmole/

:m2 for dmmL ers around 300 nn

.\llhr:u::h adsorption complexes n: several other
proteins, uding IgG, can be act anti
fied by sedimentation FFF, neither of the ¢ complex-
es involving SA or LYZ are amenable to this strate-
gy due to hr_‘.l\"\ aggregation resulting from the
field-induced particle concentration,

j:x sh

MAGNETIC FIELD ENHA!
ANTIBIOTIC ACTIVITY IN BIOFILM-
FORMING BACTERIA

Gregory Burns, Fazal Mohammad,
Dianna Benson, Charles B, Grissom,
Chi-ching Hwang and Mathew Thompson

asing antibiotic activity

film secreting bacteria. Waork presented
992, CBI Meeting by Dr. W. Cos-
demonstrated enhancement of antibiotic activ-
ainst biofilm-forming bacteria utilizing an un-

1 alternating L]umlmt' netic field.

h both magnetic and ¢lectric ficld compo-
ts were present, differentiation between the pos-
ects of the magnetic and electric field com-
ents was not determined. Thus, it is not known
d component, both field components, or

f the field components are responsible for the
ed effectiveness of the antibiotic. The aim of
||LL[ is to investigate individually the effects

: d electric fields on antibiotic effec-
film-forming bacteria.

sults nr Our experiments ‘nd

rming bacteria in the presence u|' mag
A reproducible 77% decrease in the )
- \L\llIL‘“L_TL_d Pseudomonas aeruginosa

'1 in the presence of a 10 Gauss magnetic
/ml. "'E”H.I‘“inln d5 COMPArc d 1o conmrol
o magnetic field). A smaller de-
crease of 42% as compared to control occurred at
20 Gauss and 2 pg/mL of gentamicin. Decreased
viability was not noted at 30 Gauss. The mecha-
nism by which the magnetic field may enhance the
activity of gentamicin is not known, Electric field
results are prellrmndr\. and have not indicated en-
har ent of gentamicin activity against biofilm se-
estered Pseudomonas aerugingsa

il\'l'

CHARGE DENSITY MAPPING OF
MOLECULAR STRUCTURE
DER SOLUTION

Anthony DiCarlo, Yao-Jian Leng
and Clayton C. Williams

Objective

The objective of this project is to experimentally
establish a method for performing high resolution
charge mapping under solution with the Electrostat-
ic Force Microscope (EFM).

Results

We have constructed an Electrostatic Force Micro-
scope in a closed liguid cell. The cell is constructed
so as to provide for the measurement of force be-
tween 1ip and sample by conventional optical beam
deflection method. The sample can be positioned
within the cell in three dimensions by a piezoelectric
tube scanner. Both contact and non-contact force
imaging has been performed under liquid in the cell
Charge mapping has been demonsirated under solu-
tion on a metallic grating structure in a deionized

water solution, The spatial resolution achieved in
the charge images is consistent with the approxi-
mate size of the tip. A novel magnetic force feed-
back has been employed o provide force versus
distance curves all the way to contact without the
usual snap in. Force versus distance curves have
been performed under solution. Under nominally
clean conditions, the electrostatic screening length
was measured to be greater than 20 nanometers.

These results, which represent the first demon
stration of charge mapping under solution, were
achieved with a 6 month effort. In the second half
of the project, we will apply this newly established
technique to biomolecular materials to explore its
potential for mapping molecular charge under solu-
tior.

MOLECULAR DYNAMICS
SIMULATIONS OF PROTEIN-
SURFACE-WATER INTERACTIONS

Daniel R. Weaver, William G. Pitt
and N, Troy Tagg

We have performed molecular dynamics simula-
tions of protein-surface-water interactions to study
protein adsorption on polymers. The simulations
were performed on a mod stem consisting of a
pentapeptide (enkephalin), a surface polyethylene
and water. The purpose of these studies was to es-
timate a probability of adsorption with molecular
dynamics and to compare the results with experi-
mental measurements. A secondary objective was
to ascertain the role of water in the adsorption of
proteins. Based on the assumption of pairwise ad-
ditivity, the molecular dynamics simulations provid-
ed a method to determine independently the surface
contribution and the water contribution to adsorp-
tion.

In our procedure, molecular dyvnamics is used to
estimate the force ficld that a protein expenences as
it diffuses to a surface. We then apply the theory of
forced diffusion 1o determine the probability that the
protein remains associated with the surface :

The results of the simulations and calculations




Weaver, Pitt, Tagg, continued . . . .

show that for one rotational orientation of the pep-
tide there is a force of repulsion and the probability
of adsorption is zero. For three other rotations that
we have considered, there is a force of attraction
and the adsorption probabilities are .96, .88 and
.82, We hypothesize that the difference berween
these two results is an entropic or hydrophobic ef-
fect. In the first rotation, six hyd
oms are exposed 1o the surface. In the other three
rotations, only hydrophobic side groups are ex-
posed to the surface. The adsorption ofe‘lkcph-ll-n
on hydrophobic polyethylene is only probable fol
hydrophobic sections of the pe
Kinetics measurements of enkephalin adsorption
on a model PE surface were also taken using FTIR-
ATR. Similar to the observations of other authors,
the kinetics are linear in the t"1/2 domain. Our
analysis of the experimental data indicates that the
intrinsic kinetics are first order. By applying
relation to our data, we estimate that the experimen-
tal adsorption probability is on the order of 1049,

INTERFACIAL BEHAVIOR OF
FIREFLY LUCIFERASE

Chung-Yih Wang and Joseph D. Andrade

Firefly luciferase (photinus p 5) is a hydro-
phobic protein. Sixty percent « mino acid resi-
dues are hydrophobic. A pheny ]a.Jpcrnﬂ. chroma-
tography column is used to estimate the effective
surface hydrophobicity. Bovine serum albumin
whose molecular weight (dimension 30x80x110 A)
is similar to luciferase, and lysozyme are used as
model proteins. The results show that the hydro-
phobicity of firefly luciferase is moderate, suggest
ing that most of its hydrophobic residues are buried
inside. The fact that luciferase aggregates eas
aqueous environment also supports this inte erpre
tion.

Dynamic surface tension of firefly luciferase is
measured via pendant drop tensiometry. When lu-
ciferase concentration is high, the fast decrease of
surface tension suggests that luciferase is very sur-
face active. When luciferase concentration is low, a
short induction time is observed,

Luciferase adsorption at the air-water interface is
studied via the Wilhelmy plate method. Luciferase
adsorbing to air-water interfaces was a slow pro-
cess. The equilibrium surface pressure was 21.5
mN/m. Three different lipids, DPPC, DOPC and
DOPS, are used to study luciferase-lipid interac-

La-

rophilic oxygen at-

20

tions. The surface pressure cha
with a Wilhelmy plate. The surface pre
igher at liquid-state lipid menolayer tl
lipid monolayer. This suggests ll‘ at lucif
adsorb to air-water interfaces whe
layer is in a gas-st When the
closely packed, lucif
the lipid monolay It
trates into the lipid monolayer. The Dp i
because a hydrophohic paich
ietrated into the lipid layer, compressing it to a
smaller area.
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INTERACTIONS BETWEEN
LIPOPROTEINS AND SURFACES

Chih-Hu Ho and Viadimir Hlady

t "Interactions Between Lipoproteins
rch, 1992, In this first
.-\u_: on th |~-\I;|I1._rn of
r ad-

The project
and Surfaces” started in |
[m|||,\,r we foc

\i,:]’
i;lu_'\. 'J he results

ous progress reports and newsletters in
1.
2. Preparation of mode! surface:
dichlorosilane (DDS) wettabil ity
Face;
3. Fluorescent probe labeling on the two compo-

nients of lipoprotein: lip
protein component;

component and

4. Lipoprotei
bility gradient surface measured in t
flow channel TIRF cell;

n adsorption onto the DDS wetta-
jual

5. Competitive adsorption of human lipoproicins
and human serum albumin (HSA) onto the
DDS wettability gradient surface

Here, we report on our progress in the study of
lipoprotein adsorption onto an octadecyldimethyl-
chlorosilane (C18) wettability gradient surface.
This surface was primarily used because the eight
een -CH2 side chains of C18 are similar to the hy-
drophobic tail of lipids. We have performed the ex-
penment in which FITC-HDL, FITC-LDL, DiQ-
HDL, DiO-LDL and FITC-HSA were separately ad-
sorbed onto the wettability gradient surface of C18
from diluted solution, dmrpli{m of low density
lipaprotein (LDL) components onto the C18 weta-

gr was reported on the poster.

ar 1o the case of LDL adsorption on the DDS

, the LDL adsorption on the C18 gradient

‘e was initially transport-limited in the hydro-

on of the wettability gradient surface.

re was used to quantitate the adsorption,

o account the hydrodynamic conditions of

adsorption experiment. LDL adsorption of the

frophobic surface is no longer transport-limited.

results indicated that the adsorption behavior of
¢ LDL molecule is influenced by the presence of

I .‘1 A. Pre-adsorption of HSA prevents LDL ad

stion onto a non-hydrophilic surface. The inter-

between LDL and HSA affinity for the wetta-

idient surface determines the rate of the

sll’[‘Ii(\I'I from the LDL + HSA adsorption

\ simple model is proposed to r_nplam the

Ve d results.

ORIENTATION OF ADSORBED IgG:

DOES ACID TREATMENT LEAD
TO BETTER ORIENTATION?

ity gradient surface

I-Nan Chang and James Herron

specific aim of this project is 1o demonstrate
id pre-treatment of antibodies (Abs) in solu-

d 10 a better orientation of adsorbed Abs on
s. In previous studies, we showed the acid-
ibodies (: Abs) caused the |]'Cfl_' sed anti
ding capacity on h\Jmnf‘ohk silica surfaces
] \|1.c native Abs (non-acid-weated). Further-

, the increased a n "1ind'11 g capacity was
d_.c to a higher packing density of acid-treated Abs,
er than to an increase in their intrinsic affinity
ypothesis is that the acid treatment partially
ured the surfaces of Abs. This panially dena-
face region of Ab would lead to the prefe-

1 adsorption (and higher packing density) of
bs on the hydrophobic surfaces

During the last CBI meeting, we showed that the
photo-affinity labeling 1t uorophore methods could
be used to immobilize the extrinsic fluorophores
onto Ab surfaces at specific regions of Abs. First,
the fluorophore was specifically chemically attached
to the vicinity of the \h .L\lne site through photo-
affinity labeli 1‘“‘1tmguL Also, the controlled
periments were done by labeling the fluoroy lluru\ 0
nge region of an Ab. Then the iodide quenc
ethod was used to probe both kinds of I.|I1L_ul
Abs in buffer solution

the
ir
sxtrinsic fluorophores of the /
and on surfaces.

The goat anti-biotin polyclonal Ab (a-biotin Ab)
and the mouse 9-40 anti-fluorescein monoclonal Ab
(9-40) Ab) were used. Fluorescein maleimide (FM)
was the labeled fluorophore used for the o-biotin
Ab system and, terramethy! rhodamine (TMR) was

for the 9-40 Ab system. Potass
l\c:i as cl 1an.il quencher. ”
ed dichloro-dimethyl silane (DDS
| surfaces were the model substrates

A modified Stern-Volmer quenching model,
which assumes accessible and inaccessible popula-
tions of fluorophores (FM and TMR), was applied
to analyze the experimental data [1] The cha
the fractional accessibili fluorophores was tak-
as 4 measure of Ab o ation on DDS surfaces.
-\ml 1O our ]U‘;\inu.\ results of

en
The results corres
antigen binding
ion of acid denaturation times [ ] .H:LJ sug-
the acid pre-treatment of Abs lead to better or

of Adsorption of Nauve and Modifi
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ADSORBED PROTEINS:
TRANSFER STUDY

PACKING OF
AN ENERGY

Tsing-Hua Zheng, Viadimir Hlady
and James N. Herron
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Zheng, Hlady, Herron, continued .

Future work will include quantitatively determin-
ing the amount of 1gG adsorbed on the surface us-
ing radioisotope labelling method, measuring the
profile of adsorption on the gradient surface with
autoradiography, and supplementary work on TIRF
studies.

BACTERIAL ADHESION TO
ORTHOPEDIC POLYMERS

Alan Barton, Michael
Richard Sagers and Wi

The objective was to determine the relative adhe-
sion rates of S. epidermidis, P. aeruginosa and E
coli 1o polx[nnhoe-.:en (POE), poly(etheretherke-
tone) (PEEK), poly L-lactic acid (PLA), polysul-
fone (PSF) and polyethylene (PE), polymers that
are currently used or have potential use as orthoped-
ic implant materials. These polymers were exposed
in a laminar flow cell to each of the bactenia under
two conditions: 1) with the bacteria remaining in its
growth medium, tryptic sov broth (TSB); and 2)
with the bacteria filtered, washed and resuspended
in phosphate buffered saline (PBS).

The adhesion rates of bacteria in the PBS were
much higher than the rates of adhesion of the same
bacteria suspended in TSB. P. aeruginasa in TSB
and PBS adhered at a higher rate to PEEK than to
the other polymers. Also, E. coli appeared more
adherent to PE and PSF than to the remaining poly-
mers. Experiments in which S. epidermidis was
seeded onto the polymer surfaces and allowed to
grow for 6 hours with a flowing stream of new
TSB showed that the bacteria is more likely 1o be
swept off from the surface of PE and PEEK than
POE. A growth experiment, which was carefully
monitored on the video microscope system, showed
that more than half of the newly dividing cells on a
POE film did not remain adherent to the surface.

THE EFFECT OF SONICATION
ON GENTAMICIN UPTAKE

The objective of this experiment is to determine if
sonication increases the uptake of gentamicin by
bacteria. This is a preliminary study in an effort to
develop a more effective method of delivering anti-
biotics to biofilms, ‘

After 14 hours, the positive control of b
TSB without gentamicin grew to the same concen-
tration in the sonicator as it did in the incubator. At
a gentamicin concentration of 3 g/ml there was a

two log difference in bacterial concentrations be-
tween the sonicated and incubated test tubes. These
results indicate that there is a significant increase in
the effect of gentamicin on P. aeruginosa in the
presence of sonication. There are several theories
to explain this phenomenon, including: increased
transport of gentamicin, increased active transport,
cytoplasmic membrane disruption and the creation
of gaps in the cell wall.

FLUORESCENCE LIFETIMES OF
PROTEINS AT INTERFACES - Part II

Wim Jiskoot, Vladimir Hlady
and James N. Herron

The aim of this project is to obtain a picture of the
conformation and dynamics of proteins at interfaces
using fluorescence spectroscopy and the
of total internal reflection. Fluorescent li
bound to specific protein binding sites are used as
the reporter s_,TU-HJ’.‘} Lifetimes, time-resolved emis-
sion spectra and time-resolved anisotropy of bound
ligands are parameters that can provide the sought
information as well as information about the chang-
¢s in the micro-environment of bound fluoro
phores. Solution proteins with bound ligands are
used as a reference state.

Fluorescence lifetime measurements were per-
formed on bovine serum albumin with covalently
bound fluorescein isothioc e (BSA-FITC),
bovine serum albumin with bound 1-anilinonaph-
thalene-8-sulfonate (BSA-ANS), and antifluo-
reseyl monoclonal antibody (9-40) with
Nuorescein, both at silica-buffer interfaces or in
buffer solutions. The previously reported experi-
meental fluorescence data for these model systems
could be modeled as summations of two or three
lifetime components. Multiple lifetime component
systems are difficult to interpret. The observed life-
ume heterogeneity in the above-mentioned model
systems could be due to (1) homoenergytransfer
between closely spaced fluorescent dyes, (2) hete-
rogeneity in the binding sites of the dyes, and (3)
the intrinsic photophysical properties of the dye
molecules.

In order to gain more mnsight into the nature of the
observed heterogeneity, we used dextran-FITC
and glucosamine-FITC as standards. The use
of homologous sugar chains limits micro-environ-
ment heterogeneity, and in the case of glucosamine-
FITC energy transfer is not expected. Neverthe-
less, solutions of both dextran-FITC and glucosa-
mine-FITC showed liferime heterogeneity. The ef-
fect of the collisional quencher iodide on the differ-
ent lifetime components was studied in order to dis-

T

tinguish the origin of heterogeneity. These resulis
were discussed in more detail on the poster.
Previous experiments were performed on a mult
layered protein film created at a flat silica surface:
Silica - APS - Biotin - Avidin - Biotin - antifluo-
n\ul Fab'(9-40) with fuorescein bound to
ve site. Analysis of the reference lifetime de-
ntifluorescyl monoclonal antibody (9-40)-
rescein solution also showed multiple lifetime
1ys, the possible origin of which will be dis-

1. The fluorescence of bound fluorescein

ot be quenched by iodide, indicating that it is
v buried in the antigen-binding site. Time-
Ived anisotropy measurements showed that flu-
cein is tightly bound in the binding pocket and

s not show measurable local motion.

4 'H & LOMB
INDUSTRIAL INTERNSHIP

isa Wenzler and Thomas P. Beebe, Jr.

-cipient of the NIH Training Grant and an
mber engaging in CBI funded research this
I've had the opportunity to interact with
ustrial scientists, Because of this interac-
of 1pnwum'tu such as inte rn-h ips were encour-
During the month of February 1 did funda
:-‘_,‘m,h with a former graduate student, Dr.
1 Rabke, in the laboratories of Dr. Paul Valint
(CBI Affiliate) at Bausch & Lomb in Rochester,
New York. This enabled me to experience day-to-
day life in industry, use top-of-the-line instrumenta
tion, interact with a wide variety of scientists and
discuss ideas and techniques with others.

During my stay at Bausch & Lomb and the months
prior, there were several projects going on. Cur-
rently, the greatest challenge to imaging biomole-
cules with atomic force microscopy (AFM) arises
from the mobility of the molecules on the surface.
Their mobility results from a weak interaction of the

23

molecule with the surface, allowing the tip to push
the molecule around during image acquisition. We
are therefore concentrating on methods to overcome
these difficulties which employ some form of chem-
ical modification of the surface and/or the biomole
cule itself.

We have continued looking at DNA images with
the two presently known methods of magnesium
acetate-treated mica 1o adsorb DNA onto a surface
The first method which has commonly been used
by electron microscopists (Sogo method) involves
"activation” of the DNA by dilute salt solutions [1].
A recent modification of this method which has
been utilized by others in the field has been intro-
duced by members of the AFM community (Busta-
mante method) [2).

We have also begun to develop another technique
for immobilization of DNA on a surface: attach
ment of colloidal gold balls to DNA using the bio-
tin-streptavidin interaction [3]. And finall y. we at-
tempted a labeling technique that will allow
distinction of adenine from guanine on single-
stranded DNA [4]. The method involved the reac
tion of platinum(I1) - dimethylsulphoxide complex
(PtMe2S0) with the DNA bases.
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