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»Nano-Biotechnology
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A Three novel Technologies:  Biotechnology, Nanotechnology
Information technology

LNanobiotechnology is the crossroads of biotechnology and nanoscience

Biotechnology Nanotechnology

+»Often considered one of the key technologies of the 21st century.

*Many important applications in extents such as medical, agricultural
biotechnology and food industry
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0 Copyright Califernia Institute of Teehmology. All rights reserved,
Cammercial use or medifioation of thix material iy prodibited.

The origins of foucused reserch in to nanostructured materials can be traced back to a
seminal lecture give by Richard Feyman in 1959 and DR. CHAD A. MIRKIN 1996
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»Gold Nano Probes (AuNPs)

History:
platinum
14 = 1101 &
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[Xe]4f75d 65 Pt
»The use of gold for medicinal e
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dates back to 2,500 BC to the ancient
Chinese and Egyptian

mercury
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>In medieval Europe, numerous recipes for gold elixirs existed and in the 17t and

19t century gold was used to treat fevers and syphilis respectively

»The use of gold in modern medicine began in 1890 when the German bacteriologist
Robert Koch discovered that gold cyanide was bacteriostatic to the tubercle bacillus in

vitro

»As RA was initially thought to be an atypical form of tuberculosis, Laude used gold to

treat RA in 1927

»Used as a therapeutic agent to treat a wide variety of rheumatic diseases including

psoriatic arthritis.

» Juvenile arthritis and discoid lupus erythematosus
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»Gold Nano particles (AuNPS)
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Schematic of GNP functionalization schemes and detection mechanisms
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Schematic representations of gold nanoparticles use&_m_w)
clinical practice
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» Gold Nano- Probes

Gold nanoparticles (AuNPs) are the most extensively investigated nanomaterials, due to
their distinct physical and chemical attributes, as follows:

VIt is easy to synthesize stable AuNPs.
(iii)

v AUNPs possess unique, tunable optical (i) )
properties (Quantum confinement). (i)
v AuNPs provide a high surface-to-volume ratio g

(5nm 20 % and 1 nm 100%). Gold Nanoparticle

v AUNPs exhibit excellent biocompatibility

. . ) (i): thiolated or disulfide modified ligands
after appropriate modification. (ii):Electrostatic interaction

(iif):antibody—antigen associations
v' AuNPs offer a platform for functionalization ~ (\)streptavidin-biotin binding

with ligands for the specific sensing of targets.
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» Gold Nanoparticle (AuNPS)

s Applications of gold nanoparticle probes:
»Nanobiosensor

> Diagnosis and treatment of diseases
»>Identification and treatment of cancer
»>Drug and gene delivery

> Production of nanowier

»Genetic analysis

»>Virus study

»>Cell structure study

»>Gene transfer in plants

»>Increase resolution of MRI.CT and X-ray imaging
> Detection of Pb2+, Cr2+ and TNT
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» Gold Nanoparticle Probes (AuNPS)

Nanoparticle Based DNA and RNA Detection Assays:
UHomogeneous DNA Detection:

In 1996, Mirkin and co-workers reported the use of mercaptoalkyloligonucleotide-modified
gold nanoparticle probes (DNA-Au-NP probes) for the colorimetric detection of cDNA target

sequences (Mirkin, C. A., et al. 1996) . \
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Mirkin, C. A., et al. A DNA-based method for rationally assembling nanoparticles into macroscopic
materials. Nature 1996, 382, 607—609
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»colorimetric detection
»Gold Nanoparticle (AuNPs) probes for colorimetric detection.
amplification of a genomic region g §
hybridization : A
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QD Localization of a Tumor to+15 min

A. It is possible to overlap X-ray images with infrared images to localize a tumor. The X-ray
images give the images an anatomical context, while the infrared images detect the QD’s
emission, which correlates to the tumor location (see B.) K

t; + 25 min

Figure 4. (a) Planar X-ray images in transmission mode of a rat before (#, — 2 min) and after injection of Au@DTD
B f()r hiudder und \\'C f()r lhe lube Anllantive tha wemmal QDOT lmmnmar af trnmesinrea clinae rmanedad ab cinmaces Smame
to a rat including (b) kidnevs and

D. Gold nanoparticles
can be functionalized
to specifically attach
to aggregates of this
protein (amyloidosis)

gadolinium
chelates

=al structure of AB-protein

Source: www.internetchemistry.com Source: wwwthefutureofthings.com
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Colorimetric contrast of nanoprobes

1:Before hybridization
0.40+ h¥

W Before hybridization of Gold Nanoparticle
Probes with P.syringae DNA
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Absorbance

.\
2: After hybridization

W After hybridization of Gold Nanoparticle

Probes with P.syringae DNA
0-00 L} Ll L) Al L) L) L} \ - )
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Fig. 2. The average absorbance spectrum obtained before (red) and after (blue)
hybridization of Gold NP-bound probes with DNA extracted from 26 pathovars of
P. syringae. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of the article.)
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Fig. 3. The average absorbance spectrum for regative control samples, before {1)
and after (2) adding Gold-NP bound probes.

0.6
M 1: Before hybridization

0.5 1 ¢ W 2: Pseudomonas viridiflava
g 2,3  3: Pectobacterium cartotovortum sub Cartovorum
8 0.4 4andll 4: Pseudomonas fluoresce
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Fig. 4. The absorbance spectrum cbtained before {1} and after {2-7) adding Gold-NP bound probes to DNA isolated from bacterial species selected as negative control

including P. viridifiava (2), P. cartorovortum sub carrovorum(3), P. fluoresce (4), X. alfaifae subsp. Citrumelonis {5), X axonopodis pv. Citr (6) and P. Argenus (7). Adding Gold-NP
bound probes to DNA of negative control bacteria did not lead to any alteration in absorbance spectrum for bacterial DNAs.
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Determining specificity of hybridization of Gold NP-bound probes with targ ... =L

648 A Vaseghi et al. / Sensors and Actuators B 181(2013) 644-651

1: Berfor hybridization
0.70 2,3, 4.5and 6 After hybridization
W2:Ps.pv.Oyzea and Rice(mixed genomes)
0.60 | W 3:P.5.pv .Tomato and Tomato(mixed genomes)
050 ; 4P . pv Syringaeand Al (ixed genaes)
g |5 p.s. pv.Tobacoo and Tobacoo(mixed genomes)
A ———— A\ I6 p.s. pv.Syringae and Cucuumber(mixed genomes)
2 030 23 45 6M 1
g
0.20
440 bp = + 500 bp
0.10 « 250 bp
0.00/
le€»65~ <13€' e'elcff 425450 475 500 525 550 575 600 625 650 675700
(2-6) (the right ¢
alteration ing:abS( Wavelength ("m)

Fig. 6. Cel electrophoresis of PCR amplification conducted on DNA extracted from the mixture of plantand bacterial DNA(the right side). Adding Gold-NP bound probes to

PCR product resulted in alteration of absorbance spectrum for the mixture of plant DNA and their specific bacteria due to the presence of the hrcV gene (numbers 2-6) (the
left side). 1 indicates the graph before hybridization of probes.
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Determining sensitivity of hybridization of Gold NP-bound probes with targ _ N-«s-¢ =
A Vaseghi et al. / Sensors and Actuators B 181(2013) 644-651 648
,58 . . a .
100 5 The genomic concentrations of Pseudomonas syringae pv. syringae 87283
Sl M1 23 45 6789
0.4
. 1:200(ng/p|) . 0.29 y = -O.E'D:‘I 1x + 0.3821
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Fig. 8. The linear regressioncurve showing the relationship between different con-
centrations of target bacterial DMNA and absorbance.

Fig. 7. Determining sensitivity of hybridization of Gold-NP probes with PCR-amplified DNA from P. syringae pv. Syringae B728a by testing various concentrations of bacterial
genomic DNA ((1)200 ng/mL, (2) 140 ng/mL,(3) 90 ng/mL, {4) 45 ng/mL, (5) 30ng/mL, (6) 15ng/mL, (7} 10ng/mL,(8)4 ng/mL and (5) 2 ng/ml).
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Contents lists available at SciVerse ScienceDirect

Sensors and Actuators B: Chemical

journal homepage: www.elsevier.com/locate/snb

Detection of Pseudomonas syringae pathovars by thiol-linked DNA-Gold
nanoparticle probes

Akbar Vaseghi?, Naser Safaie®*, Babak Bakhshinejad ¢, Afshin Mohsenifar?, Majid Sadeghizadeh®&*

* Department of Botechnology, Faculty of Agriculture, Tarbiat Modares University, Tehran, lran

? Department of Mant Fachology, Facuity of Agriculcure, Tarbiat Modares University, Tehran, fran

¢ Department of Genetics, Faculty of Biological Sciences, Tarbiat Modares University, Telran, Iran

4 Deparement of Toxicology, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, lran

* Department Nano Biotechnology, Faculty of Biological Sciences, Tarbiat Modares University, Tefiran, Iran

lranster ot Pathogenicity Proteins tor Investigating WVertical and Horizontal (ene
Islands in Pseudomonas Species J. fran. Chem. Soc., Vol 9, Suppl. I, June 2012,
pp.Al- Ald44(abstract)
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Interesting facts about nanomedicine

A. Interest in the area has grown exponentially  B. Drug delivery is the most productive area

2500 — Active implants 1%
Drugs and theraplas 2% —|
- 2,000 - ~—l— Palents Imaging 4% .
E
(=
5 5500 |- —l— Publizalions
=
=
= 1,003 -
=
E
= soof Biomaterials 6%
1 1

I witro diagnostics 11%
1 1 1 1 1 1

{I 1 1 1 1 1 1 1
Crug delivery TE%
R e g T e S L
ear
C. Drug delivery is the most established technology in the nanomedicine market
Table 1 Commercial efforts in nanomedicine?

Product pipeline

Heallhcare sector Mumber of praducts Sales (4 billions) Tatal Advancean stagesh Carmpanies
Drug delivery 23 5.4 98 =) 113
Biomatarials =] 0.07 @ & az

In wive iImaging 2 .02 B 2 13

i witre dlagnostics £ Q.78 3o 4 35
Active implants 1 .65 5 1 )
Drugs & therapy ] a 7 1

7
Total i1 6.8 157 23 207

‘ﬁ?rl.?s .;_'IIII'I'IDEI‘-S- af nanomedicings are estimates far the year 2004 "Drugs where the product 1s in clinical phase 23 or 3 and for &l cther products where market intmduction Is expecied
wWiThin Twa Years

Mature Biotechnology 2006, Vol. 4, pp.1212-1217
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Table 2 Examples of nano-based platforms and their current stage of development for use in cancer therapy
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Type ofcarrier and mean diameter (nm)

Urug entrappador linkaa

Currantstage of devalopmant

Type of cancar (for clinical trials) Refarancas

Polyrmar—drin ronisnates (R<1 Rl

Mnwenrihicin Pacltawel Camntathacin. 12 neodocts undar clinical triaks

eo: Examples of the use of gold nanoparticles i clinical practice
(BE-

Varin s tumonrs

Raviewadin 3 /1

Foly
(0= Type of Nanoparticle Role Disease Sponser/Lab
- Gold Nanoparticle Size State
| (m)
Mice
|5=1 . . . o
Nanosphere I3 sIRNA delivery Unspecified Mirkin
Nanorod 10 %40 Photothermal ablation; CT Unspecified Bhatia
contrast and thermal imaging
o Gold-silica Nanosphere 60/140 Raman Imaging Colon Cancer (Gambhir
Nam
m|  Gold Nanoshell (Aurolase™) 150 Photothermal therapy Head and Neck | NanoSpectra NCT00848042
Imm
o cancer
Cold Colloidal Nanosphere 2] Stimulate immune response to | Solid Tumors NCINCTO00436410
(Aurimune™) tumor growth
Imm

fusion proteing (3=15)

16,17, 61
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Various applications of gold nanoparticles in therapy

sh RNA : W\/
sh RNA -P53 :4 ] #“?“r?“ﬁ?ﬁw
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SR A 12?;,\&322212:::::; J Gold nanoparticle : ‘
Gene delivery Drug delivery
mic RNA,cDNA,ncRNA,siRNA,
GENOME,

Oscillations of Phc:thothermal Targeting Functionalized Dendrimer G4
erapy 2
Electzo\rliloud by Gold-Nanoparticles
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Discussion and Conclusion

;
¢

m Future research will need to determine the optimal gold
nanoparticles for each potential human application, and
Inevitably, tradeoffs will have to be made regarding some of
their diagnostic and therapeutic properties vis-a-vis their
associated toxicity profile. Overall, gold nanoparticles are
Ideally placed to make the transition from the laboratory
benchtop to the clinical bedside in the very near future.
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