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Abstract

The purpose of this research is to create a flaidticat allows studying morphological changesanaerous
fibroblasts with an atomic force microscope. Arthayh examination of a Veetaontact mode fluid cell lead to
creating a more convenient and cheaper versiorflafdacell. Using rapid prototyping a fluid cellas designed.
Cells are cultured in sterile conditions and iruanidified environment. An ultraviolet light chambemitting
artificial ultraviolet light (312 nm) induces camde the cultured cells. The fluid cell fits on themic force
microscope scanner head. The atomic force micra@sfuopctions by sensing the surface of the sampeaihs with
mechanical probes. A beam produced by the atomée fmicroscope strikes the mechanical probe anddssu
onto a photodiode. The photodiode translates thenkiatensity to a potential difference which inrtis translated
to height differences. The information obtainedrirthe height differences produces images on thestate level.
The atomic force microscope’s most common usagelveg scanning solid samples. The fluid cell allows
researchers to scan soft tissue samples in liquittanments while maintaining the liquid static.eTtesin that
makes the fluid cell is transparent.
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1. Introduction

In 1986, Binning, Quate and Gerber a collaboralietween IBM and Stanford Universitgeveloped the atomic
force microscope. In cell science, the ground-hireplvork using atomic force microscopy was condddtethe
early 1990s. Several researchers attempt manipglatft samples with an atomic force microscopevéier,
rigidify those samples for scanning remains a elngjé.

This research involves using rapid prototypimglésign a fluid cell for an atomic force microseophe fluid cell
creates static conditions for liquid samples athalwd manipulating cancerous mice fibroblasts onatwenic level.
For optimal growth, fibroblasts require sterile didions and maintenance as monolayer culturesiatitive
solution called a medium. A humidified environmémit is favorable for cell proliferation stores twdls.
Simulated ultraviolet light induces cancer to théured mice fibroblasts. The diseased cells araénsed in
phosphate buffer saline, a solution that keeps edilfe. A fluid cell creates a sealed environn@erd stationary
conditions for the phosphate buffer solution camiteg the cells. Those cells are used for analygis an atomic
force microscope.

1.1. cell culture: preparation and treatment

The cell's treatment and storage necessitatesifedteod and an incubatdviedium containing 15mM

NaCQ;,5mL of glutamine, 50U/mL penicillin, 50 mg/mL sptemycin, and supplemented with 10% inactivated (by
heat) fetal calf serum (FCS) maintains mice fibastd as monolayer cultures and provide proteiftsis medium
solution, also called complete medium, constitatésvorable environment for cell growth. Fibrobastick to the



bottom surface of the flask they are kept in. Tk cultures are stored in an incubator, which fenidified
environment that mimics physiologically realistmndlitions with 5% C@atmosphere at 3C. Once the cells have
proliferated after a 48 to 72 hour period, theytakeen out of the incubator and washed with phospbaffer.
Trypsin is added into the cell flask to detachsc&lbm the flask surface. The obtained solutioplésed back in an
incubator in order for the trypsin enzyme to bevated. Once activated the enzyme is diluted wliml of
phosphate buffer saline (PBS). The mixture is dérged in order to separate the cells from the phate buffer
and the enzyme. Cells are then resuspended in etenplkedia dilutions and returned in the incubator.

1.2. cancer induction

An ultraviolet chamber emits artificial ultraviolkght that induces cancer to mice fibroblasts. Theviolet light
chamber produces two types of ultraviolet lighttrawiolet A rays and ultraviolet B rays. The ultialet chamber
contains a filter that only allows ultraviolet Bysato go through and filters out ultraviolet A rayitraviolet B light
has been experimentally demonstrated to cause Daadé. In order to induce cancer, mice fibroblasts
maintained as a monolayer in a flask containingiomadare removed from the incubator and washed. IofnL
phosphate buffer is added. The mixture is transteto petri dishes. Lids are removed from the mksties. The
petri dishes are placed in the ultraviolet B chamBecontrol solution is kept outside the ultra@bthamber. The
time is set for each petri dish. When time is upefach Petri dish; they are removed one by one frenultraviolet
chamber. The cells are then ready for atomic farm@oscopy analysis.

1.3. ultraviolet light and cancer

Three types of skin cancer occur the most: baslat@einoma, squamous cell carcinoma (nomelanand)
melanoma. Melanoma demonstrates the most fatibtgccurrence has increased considerably sirdiable data
was first recorded in the 1938Sguamous cell carcinoma (Figure 1) and basal eetioma (Figure 2) almost
exclusively develops on sun-exposed areas of tiné. sk

Figure 1. Squamous cell carcindina  Figure 2. Basal cell carcinoma

Ultraviolet radiation from sunlight damages skells genetic material. Ultraviolet radiation cdamage many
molecules and structures. When ultraviolet andigsiadiation reach the skin, one part is defleeted the other
part is absorbed in various skin layers. Epiderceiis components, including DNA, mainly absorb wewgths in
the ultraviolet B range. Ultraviolet B range wavejéhs can induce mutagenic lesions and alter tha.MNNA
damage can lead to genetic instability and mutatidriutations affect both the genotype and the ptyge of an
organism. Thus, sunlight overexposure increasesgkef skin cancer. DNA constitutes a criticaigat because its
alteration can ultimately lead to skin cantéFigure 3).
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Figure 3. Induction of skin cancer




2. Instrumentation

2.1. atomic for ce microscope

The atomic force microscope set umsists of a microscale cantilever tip that scamspdes by sensing the
surfaces. While sensing the surface of the sartipetjp also formemergent chemical bondsth each atom of th
sample When the tip is brought close to the sample,dsiead to deflection of the cantilever (Figure 4). The
atomic force microscope comprises three major dgjper@ modes: the contact mode, the -contact mode and tt
tapping mode. The contact mofimctions by simply moving the tip back and forthh@ss the sample surface. 1
set point controls the amount of cantilever deftattAs the set point increases, the cantileveiefliemore and t-
sample forces increase. The nmmtact mode functionsy oscillating the cantilever .The cantilever tipedmot
touch the surface of the sample but oscillates alitowhe tapping mode functions by vibrating taatiever tip
back and forth across the sample. The tip lightiyp$” on the sample surface ing scanning, contacting tl
bottom surface of the swifigThe vibrational frequency produced allows detectind mapping the structure of -
sample that is being scanned. One of the main dalges of the atomic force microscope is its noosite loci
probe for cells and their dynamics in a biolfluidlvdonment. The atomic force microscope has hadeatgmpact ir
life science. It can manipulate, visualize and ab#arize objects and processes on the nanoscale lléxe cells,
however, constituteoft objects in the context of atomic force micsg analysis. A tool is needed to stabilize :
samples for analysis using an atomic force micrps
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Figure 4. Aomic force microscope diagri*

3. Methodology

A fluid cell holds liquidsstationary for scanning fluids with an atomic forngroscope. Its set up consists of a ¢
tip holder that allows the atomic force microscégmer spot to pass though and bounce a beam ofatitdever tip.
The cantilever tip is supported by a clever chip that is mounted on the fluid cell. Thedr beam is deflect:
based upon the sample surface struc

3.1. materials



The fluid cell is made out of Accura 60. Acurrai8@ durable and highly transparent resin. It hssgbuild speed;
high clarity minimizes part cleaning and finishiagd produces humidity resistant parts. It allovesving internal
features and passages through parts that. The &6é€uplastic material ability to look and feel likwlded
polycarbonate when polished, its reliable and stest shrinkage behavior and its low viscosity folation make

it one of the best choices for building the fluil®.

3.2. software

The fluid cell design uses Solidworks, a compuigrdesign (CAD) program that creates 3-dimensiqaats and
runs on Microsoft Windows. Once the part is drawthwBolidworks it is saved and converted to an $1d, which
is a non parametric triangulated surface file. filleeis sent to the rapid prototyping apparatustfoilding.

3.3. rapid prototyping

The rapid prototyping machine employed to buildftb&l cell was the stereolithography apparatusuitds parts
at a very high resolution through a layer by lgqyercess. Stereolithography workflow creates plgstids directly
from 3D computer software models by hardening tiiéase of a liquid photo polymer layer by layerwihe help
of a laser beam. The laser beam solidifies the ngbien it strikes the liquid. Figure 5 illustratesw the elevator
drops in the vat as soon as a layer is fully traBee to the self-adhesive property of the matgtied various layers
build up, forming a 3D part in multi-layers. Stelidmgraphy process is the best choice for buildagts with high
accuracy and smooth surfates

Object
Formed in
Layers

Table
Moves Up
& Down

Liquid
Photopolymer

Figure 5. Stereolithography apparatus diagram

3.4. existing fluid cell

The Veecd’ contact mode fluid cell consists of a closed ghssembly with a wire clip coated with gold thaldso
the probe. The wire clip is twisted on one sid¢heffluid cell in order to properly hold the profédie probe fits in a
rectangular groove on the fluid cell bottom. A ciar groove that holds an optional O-ring surrouthas
rectangular groove (Figure 6). The O-ring holdsiitig with low surface tension and forms a relia®al against the
liquid sample that is being scanned. It also pressélnids from leakage onto the scanner.



Figure 6. Veeco fluid céll

3.5. fluid cell design features

The prototyped fluid cell created for this reseaistan open fluid cell that consists of a smadbelplastic
assembly. In the center of its surface, lies autarcgroove. The circular groove is designed ta@ionan O-ring that
prevents liquids from spilling onto the atomic fenmicroscope scanner. In the center of the fluibatso lies a
rectangular groove designed to hold cantilevershifne cantilever chip contains the tip that setisesurface of
the sample to be scanned. The cantilever chiplisihglace with a wire clip. A hole through theifi cell allows
the wire clip to remain secured. The wire clip &bat a ninety degree angle on the side of the dell that holds
the cantilever chip (Figure 7). On the other sitithe fluid cell, a spring around the wire allofes lifting and
lowering of the bent part of the wire that hold tép against the rectangular groove of the fled @~igure 8).
Two additional grooves also lie on the fluid cadtigers. Those grooves fit in the atomic force nscape scanner
head screws.

Figure 7. Prototyped fluid cell Figure 8. Prototyped fluid cell
back view front view

3.6. fluid cell and atomic for ce microscope

The fluid cell is placed on the atomic force miamge piezoelectric scanner such that its bottor) pdiich
contains the cantilever tip supported by a cargileship and the O-ring, is against the fluid. Tigeid sample to be
scanned is placed on a glass slide that is plaged the atomic force microscope scanner head. [liledell is
seated upon the glass slide. The O-ring createaladsenvironment around the liquid. The cantilgéiyeconnected
to the cantilever chip is immersed in the liquidhgde and can sense its surface. The fluid celsparent feature
allows the laser beam to pass through and hitahélever tip that deflects the beam on the phatdeliand creates
a voltage difference which is electronically rereteinto height informaticiiFigure 9).



Figure 9. Fluid cell mounted on the atomic forcenmscope
4. Operation

The prototyped fluid cell needed revision in orttebe tested. Once built the fluid cell, requiredighing to make
the part as clear as possible in order to avoidkamy of laser beam diffraction. When the fluidloghs ready for
testing, it was placed upon the atomic force micopge scanner head. The scanner screws were clampesifluid
cell for stabilization. The laser beam was turnedibowever the clamp obscured the laser beam, kgéfpirom
reaching the fluid cell. The clamp was readjusted glaced in another location on the fluid cellhée was
mechanically drilled to create another clamp. Tée elamp placement was no longer an obstacle ttafies beam.
The laser beam was mechanically adjusted bothemettical and horizontal positions to strike tlaatidever tip at
the right location .The fluid cell size did not pide enough flexibility to adjust the laser beatrwés mechanically
trimmed. The two grooves that were initially desidrto fit in the scanner head screws did not pesgigdbpleness to
adjust the fluid cell either. They were widenedhnatdriller both horizontally and vertically, sutttat they created
rectangular grooves. They thus provided more rommthfe fluid cell position to be adjusted, allowiting atomic
force microscope laser beam to be properly postioifhe laser was then adjusted such that it ctuleast locate
the cantilever chip surface and be deflected dmghotodiode.

5. Reaults

The opacity of the fluid cell resin and the losdasfer beam intensity reduced the optimizatiorheféxperiment.
The fluid cell surface was not smooth enough ferllser beam to go through the fluid cell resin @ath the
cantilever tip. The areas of the fluid cell contagnthe most roughness were so small that polistiiagh would be a
great challenge (Figure 10). These rough surfasescantributed to scattering the laser beam. Thieal
microscope connected to the atomic force microscopdd not locate the cantilever chip tip that scdre surface
of the sample. The regular tip holder that is zeitl to scan solid surfaces allowed a voltage valirevolts. The
fluid cell allowed a voltage value of only 0.3 Ww(fFigure 11).

Figure 10. Magnified view of rough surfaces
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Figure 11.Comparison of voltage measured using fluid cell sgllar tip holde

6. Conclusion

Fibroblasts were cultured in sterile conditionsn@mination was avoided and the cells reproduatda was no
altered. Cancer was induced to the cultured sKirusang ultraviolet B light produced by an ultralét chamber
The fluid cell was desigrd using the Solidworks computer software. It wai#t lising the rapid prototypin
stereolithography apparatus.

However, due to lack of clarity of the plastic makAccura 60, the laser beam could not pass titrdabe fluid
cell with recordable imnsity, and the optical microscope could not réadugh the resin to locate the cantilever
The voltage measured with the fluid cell did notrpié engagement of the atomic force microscopelfagll
cantilever tip to the sample. Hence, the fluill could not be utilized to scan and study cancercells
morphological changes.

7. Further Work

Further research is needed for cregtinclearer fluid cell that w diffract less of the laser beam. One way of get
around this issue can be makimglds out of the prototyped fluid cell and castawgylic or other clearer materia
This will result in higher voltage. Also, a bettgay of holding the cantilever chip against thedlaell can be
found. Fluid port entries can also be inserted the fluid cell such that a closed fluid cell is desh The
mechanical modifications made on the fluid celliddde incorporated into the Solidworks design a8.

8. Future Applications

The fluid ell can be used for future research purposes ssistudyingmorphological changes cells that have
been exposed to sunscreens and other productsctedpe cause si-effects in metabolisms. It can also be use
study chemical solutiorstoms interaction electrolytes, hydrogels and other organic fluids.
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