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Abstract

We model the direct transfer of ECM protein to hantistrates that are relevant to biomedical miendags. To
better understand the processes involved in théacbmnd transfer of protein, mechanics model anief
element simulations were used to simulate the prat@nsfer process over hard substrates with reiffe
stamped-strike layer thickness ratios. We also idersd the direct transfer of the ECM protein taeba
substrates. Interfacial fracture analyses are tsddtermine the minimum stamping pressure requdoedirect
transfer. A conservative model is also presentadtiie stamping of ECM protein on hard substrateis Th
provides the opportunity for better designs of mtamps and optimization of existing ECM Stamps
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1. Introduction

The native environment of living cells is a 3D golf comprising an insoluble aggregate of seveighlly
organized , multifunctional large proteins and glygminologlycans(GAGS), collectively known as ecthular
matrix (ECM). The ECM provides mechanical supportdells. Most mammalian cells must adhere to &asar
to survive. It also profoundly influences the fundmtal cellular functions such as migration, pesktion,
differentiation and apoptosis of the cells with @it is in contact.

By interacting directly with the ECM, Cells gatheformation about the chemical and physical natfréhe
environment, integrate and interpret it, beforeegating the appropriate physiological responseis Behavior
expands the application of micro-patterning thelitgbto direct cells behavior through precisely ideed
environments, by patterning ECM proteins on subssrfl].

ECM protein are relatively soft materials that pd®s opportunities for alternative fabrication nweth that
preserve their low cost potential. The techniques dpplying proteins to substrate surfaces inclustet
lithography,complimentary photo lithographic techniques, spoayang, direct writing using tip of an atomic
force microscopeand colloidal arrays [2-9]. Micro contact printif@0-12] from the family of the soft
lithography methods is mostly used.

Prior studies [13, 14jave shown that agragose gels can be micro-pattdorethe stamping of protein and
affinity capture of protein from solution and thdissociation by contact printing [18]licro-patterning by local
transfer of a metal film has also been carriedusinng cold welding processes [16, 17]. Van derlsvéaces
have also been used to facilitate direct trandfancrganic thin film from a stamp to a substfa&].

In this work, we model the direct transfer of ECbfein to hard substrates that are relevant to bdioal
micro devices that are relevant to implantable ckvi The effects of such ordered textures, in qdati
microgroves and ridges on different cell types heen analyzed by many authors[19, 20] Typicaley dklls
become elongated and aligned in the direction obgegs this phenomenon is known as contact guiddidene
degree of alignment has also been shown to depetiteayroove depth and width.

To better understand the processes involved irctimact and transfer of protein, we model and sateuthe
direct transfer of ECM protein to hard substratéth wifferent stamped—strike layer thickness rat& also
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consider direct transfer of the ECM protein to bsubstrate surfaces. Interfacial fracture meclsaisizsed to
determine the minimum stamping pressure requiredifect transfer.

2. Theory

The stamp consisted of a polydimethylsiloxane (PDMger supported on a silica wafer. It was coatéti the
ECM protein for direct transfer to a photoresisatgd glass. A thin layer of ECM protein Strike layé the
same composition as that of the stamped layer wpssited on the grated substrate before the stgmipigure
1 shows a three dimensional view of the strike lalgposited on the photoresist-grated substrate.

Figure 1. The three dimensional view ofithe sttidgeer deposited on photoresist-grated substrate.
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Figure 2. The contact transfer of ECM protein frarstamp to hard or soft substrate.
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Figure 3. Schematic of non-contact width NCw fotioraafter ECM stamping.
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Different stamped layer thicknessy; Tto Strike layer thickness,qfratios were modeled to obtain final ECM
layer thickness of 700 nm. The ratios consideretew@/0, 6/1, 5/2 and 4/3. Note that 700 nm isrihtural
ECM thickness required for cell fundamental funesioAlso the hard substrate has a breadth of 56Gpdn
length of 600 um. The model also assumed a tygi@E depth of 12 um and exposed substrate surfaitk
and length of 120 um and 600 um respectively. These modeled on glass substrates.

The stamp pattern was modeled as rectangular stapegh with a length of 600 um and a width of 160. u
The alignment tolerance was set to 20 um. Figusb@®vs a diagram of the stamp set up for the stagnpin
ECM protein . Figure 3 shows the non contact wili@w created as a result of defect from the stamping
process.

The Griffith theory of crack propagation was usedbtain the critical crack length from the simidat Crack
propagation occurs when the released elastic #trargy is at least equal to the energy requirggt@rate new
crack surface. The stressequired to create the new crack surface is gbyen

1
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Under plane strain conditions, equation 1 becomes:
Y
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o= ((1_v2)m) ............................................. 2

Where E is the Young's Modulus of the materials the surface energy density of the materiaf thé crack
half-length and is the poisson’s ratio of the material.

Irwin and Orowan suggested that Griffith’s equattmuld be modified by including the plastic wopk,intothe
total elastic surface energy required to extendctiaek. This results in the modified Griffith eqiaat given
below

...3
(1l —v?)a
Sinceyst ypis equato theenergy release rate, G, equation 3 can be exprassed
EG /2
¢ ((1 - vz)a>

The critical crack length was fed back to the mddeletermine the minimum pressure required fanptag for
different stamped layer-strike layer thicknessosti

3. Modelling and Simulation

Finite element simulations were performed usingAbaqus software version 6.12-2. Abaqus is a tradkrof
Dassault Systemes, Providence, RI, USA. The méadia required for this simulations were obtaifredn
relevant literature and summarized in Table 1.

Since collagen is the main structural componenttaedmost abundant glycoprotein in ECM Protein.|&y@n
material properties were used to simulate the siratbehavior of ECM Protein. The interaction beéwn the
stamped layer surface and strike layer pre-depbgitess surface were modeled as hard contact.

Table 1. The material data used for stamping model

Material Poison’s Young Modulus
ratio (GPa)

ECM 0.30 5.0

Protein

Au 0.42 106.0

PDMS 0.49 0.003

photoresist | 0.30 8.0

Glass 0.30 68.0
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The materials were assumed to be isotropic andielasd adhesive interaction between the ECM pmotei
surfaces ECM-substrate surfaces were ignored poi@ontact. Stamping Pressure ranging from 5MP40to
MPa were simulated for the ECM stamping.

4. Results and Discussion

Figure 4 shows the plot of stamping pressure agtiesesulting non contact width NCw. We nee#irtow the
quantitative relationship between NCw and Stampingssure for a given ECM stamped layer-strike layer
thickness ratio. The NCw decreases with increasstamping pressure. This is because of the inadease
deformation of ECM stamped layer as result of iasesl stress in the layer when the stamping pressure
increased. There is decrease in the NCW with retidiatl/Tsrl. The reason for this is due to reductio the
stiffness of the ECM stamped layer. If the presgemains constant ,the reduction of the Tstl wilbduce
higher deformation.
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Figure 4. Plot of Stamping pressure against thaliieg Non contact width NCw as result of the stémgp
defect.
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Figure 5. (a) The plot of the stamped ECM layeckhess Tstl against the minimum required pressore f
stamping. (b) The plot of the ECM stamped layeikstilayer ratio Tstl/Tsrl against the required minim
pressure required for stamping.

Figure 5(a) shows the dependence of the stampest kwyckness on the minimum pressure required for
stamping. At low pressure ranging from 10 kPa td/Ra, Ncw >0. At higher pressures, NCw0. The
minimum pressure required for stamping ranges fsofniMPa to 15 MPa for 700nm ECM protein transfdre T
pressure required for stamping increases graduatlyincreased stamped layer thickness.

From the plot of minimum pressure versus Tstl/BsrIshown in Figure 5(b), the minimum pressure Bses
with increase in Tstl/Tsrl with pressure increasliatively small for thickness ratios greater tha 4 his shows
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that the stamping pressure required for ECM conpasin be optimized by clever adjustment of T&this
provides the opportunity for design optimizationE@@M Stamps.
A conservative model was obtained for ECM protéamging.

NCwW=F(Tstl,TSIL,P)...cceeei i, 5
Since the effect of Tsrl is negligible for hard taat modelling, Equation 5 could be expressed as:
NCw = [511787In(Tstl)P~%723] _...c.ccco....... 6

5. Conclusion

We modeled 700 nm thick ECM protein transfer ordrearbstrate. The ECM was modeled as composit¢hand
transfer of ECM protein on hard substrate was itigated using a mechanics model and finite element
simulations. By considering the effect of stampprgssure on NCw for different ECM protein thickndssl
and Tsrl, we have shown the stamping defect carethgced by adjusting the stamping pressure andpgtgm
pressure required for ECM composite can be optithibg clever adjustment of Tstl. This provides the
opportunity for design optimization of ECM StampsA conservative model was presented for stamping o
ECM protein on hard substrate.

The processes involved in the transfer of ECM pnogtamping to soft substrate has not been stuedt.
contact modeling of ECM protein on soft substrdiks Polyethyleneglycol PEG and PDMS needs to be
explored and cellular functions on stamped ECMistld
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