/5231 %

ISTANBUL TECHNICAL UNIVERSITY * INSTITUTE OF SCIENCE AND TECHNOLOGY

3 A NOVEL APPROACH TO SELECTION OF
3 INORGANIC-BINDING POLYPEPTIDES

k USING ULTRASONICATION DURING PHAGE
L DISPLAY METHODOLOGY
’ M.Sc. Thesis by
Ayse Senem DONATAN, B.Sc.
(706021004) o>
oD

Date of submission : 26 April 2004

Date of defence examination: 18 May 2004

Supervisor (Chairman) : Prof. Mustafa URGEN é/{;ﬁ&v y o~

MAY 2004



ISTANBUL TEKNIK UNIVERSITESI * FEN BILIMLERI ENSTITUST

INORGANIK MALZEMELERE BAGLANAN
POLIPEPTITLERIN TARANMASINDA YENI BiR
YAKLASIM: FAJ GOSTERIM TEKNOLOJISINDE

ULTRASONIKASYON UYGULAMASI

YUKSEK LiSANS TEZi
Miih. Ayse Senem DONATAN
(706021004)

Tezin Enstititye Verildigi Tarih : 26 Nisan 2004
Tezin Savunuldugu Tarih : 18 Mayis 2004

Tez Danismani : Prof. Dr. Mustafa URGEN % '
L

Dog. Dr. Candan TAMERLEE/ éZ R
: 7
Diger Jiiri ﬂ'yeleri Prof. Dr. Mehmet SARIKA& (UW) // Wu

Yard. Dog. Dr. Giiltekin GOLLER (IT€

Yard. Dog. Dr. Hakan BERMEK (IT0)

MAYIS 2004



ACKNOWLEDGEMENTS

I am greatly indebted to Professor Mustafa Urgen and Associate Professor Candan
Tamerler Behar, my advisors, for providing invaluable guidance, advice, criticism
and encouragement. Their endless enthusiasm for science, teaching and learning
have been inspiring.

I would like to thank to Professor Mehmet Sankaya for getting me acquanted with
molecular biomimetics and supporting my study with his impressive advices.

I would like to send my special thanks to Hilal Yazici for providing me both
technical and moral support at any moment during my study, for sharing her all
molecular biology knowledge with me, for being always patient, tolerable and
understanding to me and at last for all the amusing time we spent together in the
laboratory. Without her this study would be less enjoyable.

I would like to thank Tuncay Turutoglu who has conducted Scanning Electron
Microscopy analyses of mica specimens and also Volkan Kalem for preparation of
coatings for SEM analyses.

I would like to thank Sakir Murat Telli who has conducted X-ray analyses of mica.

I would like to thank to the Metallurgical and Materials and Molecular Biology and
Genetics Departments of Istanbul Technical University for their encouragement and
support they have provided.

I would like to thank my friends; Ahmet Erdem Senocak, Mahmut Nizam Ozliitas
and Ali Cetin Cetinel for their motivation and moral support while I was writing my
thesis.

I also would like to mention that this study is supported by Turkish State Planning
Organization and the US Army Research Office-Defense University Research
Initiative in Nano Technology (ARO-DURINT: DAAD19-01-1-04999).

At last, but not least, my thanks belong to my family for their strength, motivation
confidence and moral support to do my best in my education and career.

May, 2004 Ayse Senem Donatan

iii



TABLE OF CONTENTS

ACKNOWLEDGEMENTS
INDEX OF TABLES
INDEX OF FIGURES
OZET

SUMMARY

1. INTRODUCTION

2, BACKGROUND INFORMATION
2.1. Molecular Biomimetics
2.1.1. Selection of Genetically Engineered Proteins for Inorganics (GEPIs)
2.1.2. Phage Display Methodology
2.2, Ultrasound and Its Characteristics
2.2.1. Cavitation
2.2.2. Applications of Ultrasound
2.2.2.1. Ultrasonic Cleaning
2.2.2.2. Ultrasonics in Biotechnology
2.3. Mica as an Engineering Material

3. MATERIALS AND METHODS
3.1. Materials
3.1.1. Substrate Material
3.1.1.1. Polypropylene
3.1.1.2. Mica
3.1.2. Ultrasonic Probe
3.1.3. Phage Display Peptide Library
3.1.3.1. Linear 7-mer phage display library (Ph.D.-7™)
3.1.3.2. Disulfide constrained 7-mer phage display library (Ph.D.-C7C™)
3.1.4. Bacterial Strains
3.1.5. Bacterial Culture Media
3.1.5.1. Luria Bertani (LB) medium
3.1.5.2. LB agar medium
3.1.5.3. Top agar medium
3.1.6. Stock solutions
3.1.6.1. MgCl, stock
3.1.6.2. Tetracycline stock
3.1.6.3. IPTG/Xgal stock
3.1.6.4. Glycerol stock
3.1.7. Buffer Solutions
3.1.7.1. PC (potassium phosphate-sodium carbonate) Buffers
3.1.7.2. Elution Buffers
3.1.7.3. PEG/NaCl

iv

BEESE

o



3.1.8. Agarose Gel Electrophoresis
3.1.8.1. DNA Molecular Weight Markers

3.1.9. Laboratory Equipment

3.2. Methods

3.2.1. Preliminary Experiments

3.2.2. Screening Experiments
3.2.2.1. Screening using chemical elution
3.2.2.2. Sono Screening Experiments Used as Supplement to Chemical
Screening

3.2.3. Saving clones for sequencing

3.2.4. DNA Isolation and Analysis

3.2.5. Fluorescence Microscopy Experiments

3.2.6. Material Characterization Methods
3.2.6.1. Phase Analysis
3.2.6.2. Surface Analysis

4. RESULTS AND DISCUSSION

4.1. Preliminary Experiments

4.2. Screening Experiments

4.3. Fluorescence Microscopy Experiments

4.4. Characterization of Mica
4.4.1. Phase Analysis with Grazing Angle X-Ray Diffractometer
4.4.2 Surface Analyses by Scanning Electron Microscopy

5. CONCLUSION
REFERENCES
APPENDIX

RESUME

24
25
25
26
26
27
28

29
30
30
32
33
33
33

33
35
39
45
48
48
49

52
33
55

68



INDEX OF TABLES

Tabile 4.1 : The number of colonies obtained following the ultrasonication......... 36
Table 4.2 : Comparison of mica binding sequences obtained using only

chemical (ch) elution and chemical+sono (ch+sono) elution in the

I SCI@IN ... eeae 40
Table 4.3 : Comparison of mica binding sequences obtained using only

chemical (ch) elution and chemical+sono (ch+sono) elution in the

1 round of the 2™ SCreen... ..........oooieiee i, 42
Table 4.4 : Comparison of mica binding sequences obtained using only

chemical (ch) elution and chemical+sono (ch+sono) elution in the

2™ round of the 2™ SCreen. ..........cooi oo, 42
Table 4.5 : Comparison of mica binding sequences obtained using only

chemical (ch) elution and chemical+sono (ch+sono) elution in the

3" round of the 2™ SCIEEN... ... .. oo ov et 43
Table 4.6 : Comparison of mica binding sequences obtained using only

chemical (ch) elution and chemical+sono (ch+sono) elution in the

4™ round of the 2™ SCIEEN. ... .. .\uie e, 44

vi



INDEX OF FIGURES

Figure 2.1 : Molecular biomimetics: A new discipline that intersects material
sciences with biology. (I1:Inorganic-1, I2:Inorganic-2, P1 and P2:
Inorganic specific proteins, LP: Linker protein, FP: fusion protein).......6

Figure 2.2 : Structure of a filamentous phage ....................cocooiiiiiiiiiinii 9
Figure 2.3 :Phage display cycle .........cccooooooiiiiiiiiii e 10
Figure 2.4 : Frequency ranges of sound ..................ccoooiiiiiiiiiiicnicc s 13
Figure 2.5 : Variation in bubble size at transient (A) and stable (B) cavitation .... 15
Figure 2.6 : Development and collapse of transient cavitation bubbles .............. 16
Figure 2.7 : Structure of MUSCOVItE MICA ..........ccceeviiviiiriiiiiiieiriie e 20
Figure 3.1 : Ultrasonication procedure.................cc.ccooiiiiieeiiieiiieie e 27

Figure 3.2 : Phage display cycle (a-b) Library generation, (c) Binding,
(d)Washing, (e) Elution, (f) Amplification (g) Pool generation

enriched in bound phage.................c.ooiiiiii 28
Figure 3.3 : Schematic display of ultrasonication procedure................................ 29
Figure 3.4 : Agarose gel image of isolated DNA samples of the 3" round

(0 the 1% SCIEEIL........iooovoveoeee oo 30
Figure 3.5 : M13 ss DNA isolation procedure..............c.ocoooeiiiiiviiiieniiiciieene 31
Figure 3.6 : Labelling procedure for fluorescence microscopy............c..ccoeeveene.n. 32
Figure 4.1 : Blue white screening result of the 1® test before ultrasonication ....... 35

Figure 4.2 : Blue white screening results of the 1% test after ultrasonication
(a) 140 W ultrasonic (US) treatment, (b) 150 W US treatment,

(c) 160 W US treatment, (d) 170 W US treatment....................c.......... 36
Figure 4.3 : Blue white screening result of the longer interaction of phage
library with the surface before ultrasonication.................c...cccocooee.. 37

Figure 4.4 : Blue white screening results of the 2™ test after ultrasonication
(a) 140 W ultrasonic (US) treatment, (b) 150 W US treatment,

(c) 160 W US treatment, (d) 170 W US treatment.............................. 38
Figure 4.5 : Comparison between “after ultrasonication results’ of the 1%

AN 2% BESES ...t 39
Figure 4.6 : Comparison of amino acid abundances at the 3" round in the 1%

SCTEEIL ...ttt ettt ettt ettt erbte e e ees e e eaen e e es e e eantaeeasneeeaeneaenbeeas 41

Figure 4.7 : Comparison of amino acid residues at the 3™ round in the 1¥* screen. 41
Figure 4.8 : Comparison of amino acid abundances at each round in the 2™

SCTEIL......iiniiiiiiirit ittt ettt ettt et ee e sete e ee e eseesbeesnee b ee e eesteaneenneen 44
Figure 4.9 : Comparison of amino acid residues at each round in the 2™ screen....45
Figure 4.10 : Binding comparison between chemically eluted (1HY2) and

chemically+ sono eluted (1ASD4) sequences............c.ccoeeevveverennnn. 46
Figure 4.11 : Binding comparison between chemically eluted (2HY'11) and
chemically+ sono eluted (2ASD3) sequences..............cccocoevervirrinnne. 47

Figure 4.12 : Binding comparison between chemically eluted (2HY28) and

vii



chemically+sono eluted (2ASD3) sequences............ccoccooevercirnvcnnennen. 48

Figure 4.13 : X-Ray diffraction pattern of muscovite mica ............c.cccoceevreneennnnnn 49
Figure 4.14 : SEM image of muscovite mica (5 kv voltage, 5000X
MAGNIfICAtION).........ooiiiiiiie et e e 49
Figure 4.15 : SEM image of muscovite mica held in PC buffer with 0.1 and
0.2 % detergent for 1 hour............cccoooeriioiinincnniiecccc s 50
Figure 4.16 : SEM image of muscovite mica held in elution buffer Iand II........... 50

Figure 4.17 : SEM image of muscovite mica before and after ultrasonication........ 51

viii



INORGANIK MALZEMELERE BAGLANAN POLIPEPTITLERIN
TARANMASINDA YENI BIR YAKLASIM: FAJ GOSTERIM
TEKNOLOJISINDE ULTRASONIKASYON UYGULAMASI

OZET

Nano-malzemelerin sentezlenmesinde inorganik malzemelere 6zgiin olarak baglanan
peptitlerin biyomolekiiler birlestirici olarak kullanilmasi nano- ve nanobiyoteknoloji
alanlarina yeni yaklagimlar sunmaktadir.

Segilen bir inorganik malzemeye 6zgiin olarak baglanan polipeptitlerin taranmasinda
kullamlan yontemlerden biri de kombinatoriyel biyoloji yontemlerine dayali
molekiiler kitiiphane tarama teknigi olan faj gosterim sistemidir. Soy metaller,
oksitler ve yan iletkenlere yapigan polipeptitlerin faj gosterim yontemiyle
taranmasina dair yapilan g¢ahigmalar son yillarda giderek artmaktadir. Ancak faj
gosterim sisteminde kargilagilan baz1 problemler mevcuttur. Uzun siiren bir ydntem
olmasinin yam sira bu yontemin inorganik yiizeye yapisan polipeptitlerin ne kadarim
sokebildigi tam olarak bilinememektedir. Bu nedenle daha giivenilir ve kisa sirede
sonug alinabilecek yeni yontemlere gereksinim vardir.

Bu aragtirmada faj gosterim yonteminin yaratt@ kisitlan agabilmek i¢in yeni bir
yaklasim olarak ultrasonikasyon teknolojisi 6nerilmektedir. Faj gosterim yonteminde
inorganik yiizeye 6zgiin olarak baglanan fajlar yiizeyden etkili kimyasallar (bazlar,
asitler) kullanilarak toplanmaktadir. Yiizey temizliinde sik¢a kullamilan
ultrasonikasyon yontemi faj gosterim yontemindeki kimyasal elusyona alternatif
olarak diigiinilmis ve ultrasonikasyonun faj gosterim tekniginde uygulanan kimyasal
elusyonu destekleyici bir yontem olarak kullamima olasihif aragtmlmigtir. On
deneylerde ultrasonik enerjinin fajlarin canhliklan ve dayanikhliklan dizerindeki
etkisi test edilmistir. Ultrasonik dalgalar LABSONIC U (B.Braun Biotech Int.)
ultrasonik probuyla iretilmigtir. Sonuglar fajlarin ultrasonikasyona dayanikli
oldugunu, hatta deneylerin gercgeklestirildigi polipropilen tiip i¢inde bulunan fajlarin
polipropilen yiizeyinden toplanabildigini gostermektedir. Bu sonuglar dogrultusunda,
faj gosterim yontemi kullamlarak daha énce tanimlanmig bir malzeme olan ‘mika’
tizerinde tarama caligmalan yapilmigtir.

Iki set tarama deneyi gergeklestirilmigtir. Tek kristal yapili muskovit mikaya 6zgiin
olarak baglanan aminoasit dizilerinin taranmasinda Ph.D.-C7C faj havuzu
kullamlmustir. Ik set deneylerde fajlarin inorganik yiizeye baglanmasi, 6zgiin
olmayan polipeptitlerin temizlenmesi, 6zgiin baglananlarin yiizeyden toplanmas: ve
faj havuzu olugturmak izere cogaltilmasi iglemlerini iceren dongi ¢ kere
uygulanmugtir. Her dongide fajlar yizeyden kimyasal elusyon yéntemiyle
toplanmugtir. Ugiincii dongiiden sonra mika yiizeyi 30 saniyeligine 150W ultrasonik
enejiye maruz birakilmustir. Ikinci set deneylerde ise mika yiizeyi dért kez kimyasal
clusyonla temizlenmis ve her kimyasal elusyondan sonra yiizeye ultrasonikasyon
uygulanmustir. Tk set deneylerde uygulanan ultrasonikasyon parametreleri ikinci set
deneylerde sabit tutulmugtur. Iki set tarama deneylerinin ardindan, sadece kimyasal



clusyonla elde edilen sonuglarla kimyasaldan sonra ultrasonikasyon elusyonunun
uygulanmasiyla elde edilen sonuglar karsilagtinlmmstir. Dizileri belirlenen mikaya
dzgin polipeptitlerin baglanma verimlili§i florasan mikroskobu deneyleriyle
dogrulanmugtir. Kimyasal elusyondan sonraki sonikasyon uygulamasiyla yiizeyden
toplanan mikaya o6zgiin polipeptitlerin sadece kimyasal elusyonla toplanan
polipeptitlere oranla yiizeye daha iyi baglandigi gozlenmistir. Ayrica florasan
mikroskobu deney sonuglan gostermektedir ki; ultrasonikasyon uygulamas: kimyasal
elusyona oranla daha kisa siirede sonug vermesi agisindan da umut vaadetmektedir.

Literatiirde bir ilk olmasi nedeniyle bu ¢aligmanin gelecekte bu konu kapsaminda
yapilacak aragtirmalara yol gosterici olmas: beklenmektedir.



A NOVEL APPROACH TO SELECTION OF INORGANIC-BINDING
POLYPEPTIDES USING ULTRASONICATION DURING
PHAGE DISPLAY METHODOLOGY

SUMMARY

Genetically engineered polypeptides for inorganics (GEPIs) offer a novel way of
using biomolecular linkers in the synthesis and assembly of materials structures for
use in nano- and bionanotechnology.

Phage Display as a combinatorial biology based molecular library method is one of
the approaches for the selection of polypeptides that specifically bind to a given
inorganic surface. There has been increasing amount of studies in the recent years
focused on the selection of GEPIs from noble metals, oxides and semiconductors
using phage display methodology. However, it has certain limitations like time
consumption, and error prone effect. More rapid and reliable novel methodologies for
selection purposes are needed in the use of phage display molecular libraries.

In this research, the effect of ultrasound is suggested as a new approach to overcome
the limitations of phage display methodology. Since ultrasonication has common use
in surface cleaning, it is considered as an alternative method to chemical elution
which is based on the removal of phage from inorganic surface using strong
chemicals (bases or acids).

In the present study, experiments are performed to investigate the probability of using
ultrasonication as a supplementary method to chemical elution in phage display
methodology. In the preliminary experiments, the influence of ultrasound power on
phage viability and stability is tested. Ultrasonic waves are generated by
ultrasonication probe LABSONIC U (B. Braun Biotech International). Results of the
initial studies showed that phage could be eluted without loosing its stability from
microfuge tube made of polypropylene via ultrasound effect. In the next stage of the
studies, results are verified in a known phage display system ‘mica’.

Mica binding sequences are selected from Ph.D.-C7C library. Two screening
experiments are performed. In the 1% screen three biopanning rounds of phage display
protocol are applied onto single crystal muscovite mica. Chemical elution is used in
each round. After the 3™ round chemically eluted mica surface is exposed to 150W
sonication energy for 30 sec. In the 2™ screen four chemical elution rounds are
performed. Ultrasound is applied onto mica surface after each round. Ultrasonication
parameters applied in the 1* screen are kept constant in the 2™ screen. Results of only
chemically eluted and chemically+sono eluted sequences are compared. Binding
efficiency of determined sequences are verified by fluorescence microscopy
experiments based on immunolabelling techniques. Results of both screens
demonstrate that stronger binders are removed from mica surface by the use of
ultrasonication after chemical elution compared to binders which are obtained by



chemical elution only. Besides, ultrasonication could be very promising in selecting
higher affinity and specifity phages in shorter period compared to chemical elution.

In this study, use of ultrasonication on phage removal is shown for the first time as a
novel approach and found to be very promising for the future applications.

xii



1. INTRODUCTION

Impressed from nature material scientists, biomimeticists, were focused on mimicing
biosystems by using synthetic components and following traditional approaches.
With the recent developments in nano- and biotechnology a novel research field,
molecular biomimetics, is emerged. Molecular biomimetics is a hybrid methodology
that combines nano-scale engineering in physical science, especially materials
science and engineering, with molecular biology in order to develop nano-sized
functional hybrid systems, consisting of inorganics and inorganic-binding
biomolecules.  Inorganic-binding  biomolecules  (proteins,  polypeptides,
oligonucleotides etc.) could potentially be used as biolinkers in the synthesis and
assembly of functional nano-structures [1].

There are several protocols for the selection of specifically inorganic-binding
polypeptides. One of these selection methods is phage' display technology (Ph.D.).
Phage display is a molecular diversity technology that relies on the display of large
peptide and protein libraries on the surface of filamentous phage. Phage displaying
polypeptides with a desired binding specifity can be selected from library pools by
binding to the inorganic material and the sequences of selected polypeptides can be
deduced from the sequence of the encapsulated DNA [2].

During the selection protocol, once bound to a surface, the phage is usually removed
using strong chemicals (bases or acids) and then the displayed polypeptide sequence
is determined from the population grown using the chemically eluted phage. Using
phage display methodology GEPIs from noble metals (Pt, Pd, Ag), oxides (Al,Os,
SiO,, ZnO, etc.) and mixed semiconductors (ZnS, GaAs, etc.) have been successfully
selected [3]. However, this selection method has some limitations like time

consumption and error prone effect.

To overcome these limitations a new approach, ultrasonication, is suggested in the
present study as a rapid and reliable method to distrupt the linkage formed between
the phage and the surface. One of the well-known and common used process in

! Phage is a virus that infects bacteria.



surface cleaning is the ultrasound. Ultrasonic surface cleaning is based on the
cavitation phenomenon. Ultrasonic waves crash onto surface and cause high
pressure. This energy erodes the surface away so contaminants on the surface are
removed [4].

Besides cleaning, homogenization and cell disruption usually applied in laboratories,
use of ultrasound is becoming more popular in the field of biotechnology. In recent
years, there are lots of studies about enhanced biodegradation in fermentation
processes, wastewater treatment, enhanced enzymatic or bacterial activation
processes where ultrasound is applied successfully.

Nevertheless, ultrasonication is considered as an alternative way to chemical elution
in phage display methodology. If the ultrasound effect can be applied in eluting
bound phages from the surfaces, then certainly the selection protocol will take less
time. Moreover, some of the phages that may not be eluted from the surface through
chemical means, could be obtained by this method leading to the selection of the
most specific phages.

The aim of the study is to investigate the probability of using ultrasonication as a
supplementary method to chemical elution in phage display methodology. First, the
influence of ultrasound power on phage viability and stability is examined. Then the
removal capacity of the ultrasound is tested. According to the results it is stated that
phage is removed from target material by the effect of ultrasonication without
loosing its stability. In order to compare both methods, chemical and sono elution, a

known phage display system ‘mica’ is chosen.

Mica is an ideal material for screening experiments because it can easily be prepared
to have fresh, clean, and atomically flat surfaces by simply cleaving the mineral.
Mica also has interesting physical properties, such as being an ionic crystal, having
high dielectric strength, low thermal conductivity, high temperature resistance, and
being chemically inert.

In order to obtain mica binding sequences Ph.D.-C7C library is chosen because this
library has a large diversity and has higher conformational stability on the inorganic
because of its disulfide-constrained conformation. Therefore a better interaction with

the inorganic surface is expected.



In this study, mica binding sequences obtained by chemical and chemical+sono
elution are demonstrated. Two screening experiments are performed on single crystal
muscovite mica. Results indicate that chemical elution may not be a sufficient way to
remove bound phage from the inorganic surface. Ultrasonication is shown definitely
as a supplementary method to chemical elution. By use of the ultrasonication, better
and more specific mica binders could be obtained in shorter period compared to

chemical elution.



2. BACKGROUND INFORMATION

Mankind has always admired biological structures and often been inspired by them.
Both aesthetical attributes and also engineering and design concepts of biosystems

have impressed humanity [5].

Biosystems are highly organized from the molecular to the nano-, micro-, and the
macro-scales, often in a hierarchical manner, with complicated nanodesigns that
organize and control different functional units of soft and hard tissues. There are
structures in nature including organic and inorganic phases within the same structure.
Hard tissues, such as bone, dental tissues, mollusk shells, and sponge spicules are
some examples. These biological hard tissues are composites forming truly hybrid
materials (organic/inorganic) with excellent mechanical, optical, piezoelectric and
magnetic properties. In many biocomposites, the micro- and nanostructures are
organized in layered architectures. These layered constructions lead to the control of
shape and function especially in terms of wear and impact resistance, hardness,
damage tolerance, and long-term durability. For example, in nacre section of the
mollusk shells and spicules of many sponge species, the inorganic is layered where
one layer consists of crystalline CaCO; crystals and the latter layer consists of
amorphous silica. These layered structures are separated by an organic matrix that is
composed of proteinaceous macromolecules. However, a strong interface between
the two dissimilar materials is present. Extraordinary properties such as toughness
(KIC > 10MPam"?), high flexibility (despite high elastic modulus, E > 50 GPa), and
strength (oF > 100MPa) are all thought to be a direct result of this layered
construction [3].

Another desirable aspect of biological materials is that they are all assembled in
aqueous environments under mild conditions (room temperature, atmospheric
pressure) by using biomolecules like proteins, carbohydrates and lipids. Hence, they

are environmental friendly [6].



Due to its attractive characteristics material scientists, biomimeticists, focused on
mimicing biosystems. However they mostly use synthetic components and follow
traditional approaches. For example, in an attempt to produce hybrid materials,
researchers tried extracting proteins from hard tissues (e.g. from mollusk shells and
spicules of sponges) they have isolated, purified, and cloned them. Some success has
been achieved in the use of some of the isolated proteins as catalyzers. However, this
approach has been mostly in vain, only the regeneration of the original hard tissue
could be possible containing the inorganic component that may not have a practical
utility [3].

2.1. Molecular Biomimetics

With the recent developments in nano- and biotechnology, biomimetics entered the
molecular scale. Molecular biomimetics is a hybrid methodology that combines
nano-scale engineering in physical science, especially materials science and
engineering, with molecular biology in order to develop nano-sized functional hybrid
systems, consist of inorganics and inorganic-binding biomolecules. Inorganic-
binding biomolecules (proteins, polypeptides, oligonucleotides etc.) could potentially
be used as biolinkers in the synthesis and assembly of functional nano-structures [1].

Nanotechnological systems have many useful characteristics. They have unique
mechanical, optical, electronic and magnetic properties that arise due to the quantum
confinement. However, the control of nanostructures and ordered assemblies of

materials in two- and three-dimensions is still a problematic [7].

On the other hand, biological systems are controlled by proteins in molecular scale.
Proteins both collect and transport raw materials. They consistently and uniformly
self- and co-assemble subunits into short- or long-range-ordered substrates. They are
an indispensable part of biological structures and systems in controlling tissue
formation and biological function [1].

Molecular biomimetics suggests a novel approach to nanotechnology. Genetically
engineered proteins specific to inorganic surfaces could be used as biolinkers. They
could build blocks for self-assembly of materials with controlled organization and
specific functions [8].



Molecular biomimetics offers three solutions to the development of hybrid

nanostructures:

1. Self-assembly: Biological systems have the ability to self- and co-assemble
into ordered nanostructures. Hybrid nanostructures can benefit from this

ability for achieving possibly hierarchical nanostructures.

2. Molecular Recognition: In biological systems, evolutionary selection
processes result in specific molecular recognition. In molecular biomimetics,
hybrid materials could potentially be assembled from the molecular level

using the recognition properties of proteins.

3. DNA-based technology: Proteins include genetic material (DNA). To
construct hybrid nanostructures protein templates should be designed at the
molecular level through genetics. Complete control over the molecular

structure of the protein template is achieved through DNA [1].

Materials sciences Molecular biomimetics Biology
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Figure 2.1 Molecular biomimetics: A new discipline that intersects material sciences
with biology. (I1: Inorganic-1, 12: Inorganic-2, P1 and P2: Inorganic specific
proteins, LP: Linker protein, FP: fusion protein) [1].

Controlled binding and assembly of proteins onto inorganics offers wide-ranging
applications. For example, inorganic-binding proteins (GEPIs) could potentially be

used as linkers for nanoparticle immobilization; functional molecules assembled on



