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•Urgency is needed to tackle flooding and 

droughts globally

Urgent need to tackle flooding and droughts locally and

globally, and provide clean drinking Water to humans and

animals, and for agriculture and food sustainability

US Midwest 2017 Palestinian Territories, 2018
www.lifegate.com



World Bank Infographic on Thirsty Energy, 2016.



Motivation
• The humanity is beset with the daunting challenge of feeding 9 billion inhabitants by 2050.

This number is projected to reach 11 billion by the end of this century. Feeding does not

merely imply food and water, but also includes fiber, fuel, flora, health, and shelter.

• Academic institutions of higher learning are engines that generate new knowledge and

research. However, to have a broad societal impact translation of this knowledge into

commercial products and economic development is largely dependent on the existence of a

research-based innovation ecosystem.

• Modern universities are built on deep disciplinary understanding of a complex world;

though for a successful institution in the 21st century knowledge economy, a holistic and

multidisciplinary understanding transcending departmental structures is also needed.

• This talk will focus on some of the research conducted in the smart sensing lab thriving on

the innovation ecosystem to tackle broad societal challenges.



Smart Sensing Technologies Research Group

• The humanity is beset with monumental challenges with burgeoning

world population, the need to feed and provide shelter to its inhabitants,

feed or fuel, food security and safety, access to clean drinking water,

environment friendly sustainable agricultural systems and ensuing big

data, cyber-physical infrastructure, physical security, healthcare, and

energy require a systems approach.

• Our group’s mission is to undertake fundamental and applications-

oriented research and development for an integrated network of smart

sensors for agricultural and food systems, including at the nexus of

agriculture, environment, and health.

Ahmad, I.S., et al, 2017



11

Irfan S. Ahmad
Agricultural & Biological Engineering

Research Interests

• Biological Engineering

• Off-Road Equipment Engineering

Current / Recently Completed Projects

• QNRF: A Novel Microchip based Spatial Gene Expression Analysis Assay for 

Breast & Prostate Cancer 

• USDA: Innovative Food Dehydration Technologies for Improving Product Quality, 

Energy Efficiency, Sustainability

• NSF NCN: Hierarchical nanoManufacturing Node

(https://nanohub.org/groups/nanoMFG)

• NSF I/UCRC: Center for Advanced Research in Drying (CARD) 

(Dryingresearch.org)

• Mechanism of Fungal Degradation on coatings– exploratory phase completed

• Dudley Smith Initiative: Reducing Insecticide Resistance: Development of 

Unique Liposomes Pest Control System (LPCS)- exploratory phase completed

Interest areas for collaboration/future work

Advanced manufacturing, Digital agriculture,  

Food safety, Smart sensing technologies

https://abe.illinois.edu/directory/isahmad

isahmad@illinois.edu

Updated June 26, 2019

Keywords: Bionanotechnology, Crop, Imaging, 

Sensors, Nanomedicine, Pathogenesis, Soil

Plant temperature sensor

Water and 

Nitrogen 

stress sensor

University of Illinois ©

https://nanohub.org/groups/nanoMFG
https://abe.illinois.edu/directory/isahmad
mailto:isahmad@illinois.edu


Defining Bionanotechnology

WichLab · Peter Wich ·



Sensing Modalities

Reisner, D.E. et al. 2013. Bionanotechnology, December 2013, DOI: 10.4018/978-1-4666-5125-8.ch003

·



The Sweet Spot
Agriculture

Food
Environ
-ment 

Biomedical
Images: WED, John Deere, WHO, Cunningham, et al.



NanoAg

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5476687/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5476687/
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Reducing Insecticide Resistance: 
Development of Unique Liposomes 

Pest Control System (LPCS)
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Objectives

• To use liposomes as a new tool for designing slow release formulations of 

insecticides (conventional, plant-derived, and microbial) 

• To maximize their efficiency in controlling CRW*, for improved crop 
production and environmental sustainability

*CORN ROOT WORM



Liposome Formulations: 
Transport Mechanism

Biomedical

• Injected intravenously

• Intra-muscularly 

• Subcutaneous (liquid suspensions)

• Inhaled (aerosol of liposome 
suspension or lyophilized powder)

• Applied to the skin (suspension, 
cream, gel, ointment) or 

• Ingested (any of the physical 
forms)

Agricultural

• Targeted Inoculation

• Liquid Suspension

• Spraying (powdered or liquid)

As liposomes entrap hydrophilic molecules into their interior, and 
hydrophobic molecules into their lipophilic membrane, they are used as a 
delivery system for many different molecules in the agricultural and 
nutrition industries.  Therefore, as a sustained release system, liposomes 
were tested for improved delivery of insecticides (e.g. bifenthrin)



• Liposomes slows the release of insecticides, prolonging the 
period when lethal concentrations are present in the soil 

• This protects corn roots in the field from larval injury longer 
than roots treated with un-encapsulated insecticide 

• Liposomes can also be used as a delivery system for 
different chemicals and gene delivery (i.e. small interference 
RNA)



Diabrotica virgifera 

Western Corn Rootworm (WCR or CRW) 



Corn Rootworms are Historic Pests

‘Northern’, NCR ‘Western’, WCR

‘Billion Dollar Insects’

…With a history of 
resistance to: 
Pesticides (1950s),
Crop rotation (1980s), & 
Bt corn hybrids (2010s).  
IL is a rootworm 
resistance epicenter.



Western Corn Rootworm (WCR) Lifecycle



Pesticide

Insecticide

Fungicide

Herbicide

Rodenticide

Bifenthrin

Nematicide

www.Peststrategies.com



10mg/plant

(recommended)

~5ug/plant

(targeted)
Kah, M. et al. 2016. DOI: 10.1021/acs.est.6b02477.  Environ. Sci. Technol. 2016, 

50, 10960−10967



• Stability profile of insecticide liposomal formulation developed 

and used as a calibration metric

• Stability tested over discrete time intervals of two weeks, 

further work to be conducted to extend it to six months 

• Slow release of insecticide from liposome in soil(s) (e.g. ~0.01 

mg/ml over four weeks) monitored under varying watering 

conditions 

• Analyze data from different locations in Illinois, to study the 

effects of insecticide formulation on corn



A CARRIER for insecticide: Biocompatible substances that can carry a drug

Lessons from Biomedical Sciences

Lipid Based Carriers



Lipid Vesicles
 In an aqueous environment

 Hydrophilic heads assemble together

 Lipophilic tails align away from water

 They form spherical structures called liposomes

Liposomes are relatively small (~50nm in ɸ) in aqueous compartments that are surrounded 

by a phospholipid bilayer membrane).  In our case we used 1µ sized liposome



Hydration-Sonication Method

Lipids dissolved 

in CHCl3

Add 

Insecticide

(Bifenthrin)

Lipid Film swells to 

form  vesicles with 

drug inside

The energy from the sound 

waves in sonication process 

results in a homogeneous 

population of liposomes

Uniform Lipid 

Film

N2 Gas

Immerse in 

Water Bath

Sonicator

Extrusion 
for right sizing

Lasic, D. 1997. Gene Delivery. CRC Press.

Mean particle size also is based on lipid 
composition and is quite reproducible 
from batch to batch.

http://www.avantilipids.com/images/PrepOfLiposome/PrepOfLip_4.jpg


Characterization



Spectrophotometer (UV light) used with 
optimum wave length for bifenthrin (λ 220)



Notice the rapid release during day 1, and thereafter slow release over 7-day period



Bifenthrin-liposomes slow release over a 30-day period (30%)



Gradual release of bifenthrin up to 14% over 30-day period at 4 ºC



• Plant-based bioassays using modified methods of 
Gassmann et al. (2011) 

• Soil in 1-liter cups is treated with various liposome 
formulations.

• Neonate WCR larvae are inoculated @≥V5 stage and 
allowed to develop for 17 days.

• Surviving larvae are extracted using Berlese funnels.

• Measure on-plant larval survival (proportion) and 
size (head capsule width) to assess the impact of 
formulations on WCR survival and development.

• + Lab studies on dynamics of WCR-liposome 
interactions and plot trials for field efficacy.

WCR-Liposome GH Bioassay

Gassmann A.J., Petzold-Maxwell J.L., Keweshan R.S., Dunbar M.W.  2011. Field-evolved resistance to Bt maize by western corn 

rootworm.  PLoS ONE 6(7): e22629. doi:10.1371/journal.pone.0022629



Multilayer vesicles/crude liposomes preparation encapsulating bifentrin; sometimes 

these aggregate as shown in the figure. (light microscopy 40 X amplification)



Fluorescence microscopy image of uranin dye (carboxyfluorescein; CF) 
encapsulated liposomes. Uranin was encapsulated in lipid liposomes and 
imaged using Fluorescent Microscope 
The liposomes were excited at 495nm and the emission was set at 515nm. 



Percent Encapsulation and Release of Bifenthrin (BF) 
from µ-liposomes

Formulation % Average 

Encapsulation

A: BF: DPPC:DSPC:CHOL (90:5:5) 74

B: BF:DPPC:CHOL (55:45) 60.2

C: BF:DSPC:CHOL (55:45) 52.3

The phospholipids: DPPC = 1,2-Dipalmitoyl-sn-Glycero-3-Phosphocholine,

DSPC: 1,2-Distearoyl-sn-Glycero-3-Phosphocholine, CHOL: Cholesterol
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80 rows 24 r 16 r

300 ft.

3
0
0
 f

t.

5/7/16 Dry-

planted area is 

150’ x 24 rows.  

Will later be hand 

planted with DSI 

expt seed (w/, 

w/o nano-

encapsulated 

Bifenthrin.Non DSI Plot areas were 

planted on 5/7/16.

Seeding rate was 

34,500/acre.  

P1197AM 111 day RR2, LL.

2016 Ag 

Engineering 

Farm Plot 

(Eastern 

third of 

“DW1”)

Monsanto Corn 

Rootworm 

Knowledge Program 

Study plot.  WCR 

rearing for bioassays 

mating studies.

• Field Study was located at the Ag 

Engineering Farm.

• Late-planted in 2015 to attract 

egg-laying WCR adults.

• Increased pressure for field assay.



General comments:

• Report on three laboratory studies 
and one field assay.

• Expt. 1: Plant-based bioassay.

• Expt. 2A/B: 3 oz. cup bioassays.

• Expt. 3: Field efficacy study.

• Laboratory studies used neonate WCR 
larvae inoculated into bioassay 
containers.

• Field assay relied on natural WCR 
infestation.

• Undergraduate & graduate students 
participated in insect/plant care and 
field assay set-up, insect collection 
and monitoring, & clean-up.

Bioassay Results and Discussion



• Applied n=6 Bifenthrin treatments to corn 

plant soil.  1.75 ml aliquots dispensed at seed 

depth at three locations around the plant.  

• Ten larvae inoculated into the soil 12 d later.

• Inoculation area was away from the Bifenthrin treatment locations.  



Field assay (Expt. 3): planted on May 23, 2016

• Bifenthrin at 0.0x -1.0x, w/ & w/o 
encapsulation: 10 trtmts x 10 reps.

• Monitor adult emergence and measure root 
injury to treated plants.

• Plant emergence was excellent.
• WCR injury and lodged corn in nearby plots 

indicated that this former trap crop could 
provide good pest pressure for our trial.



• Successful encapsulation of insecticide in the liposomes

• Production of different sizes of the formulations (≤1µ)

• Encapsulation Efficiency: ~74%

• Bifenthrin-liposomes were stable at room temperature for a 30-day 
period with 30% release

• Bifenthrin-liposomes were stable at 4ºC for 30 days with 14% release
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TM

• Take-all is the most damaging root disease of cereals worldwide.  It is estimated that one infected 

root in 10,000 is sufficient to cause an epidemic.  

• Overall losses incurred by U.S. growers are estimated to be $ 500-1000 million annually. 

Therefore, it is imperative to study Gaeumannomyces graminis, (Sacc.) Arx & D. Olivier, the causal 

agent of take-all, a filamentous, soil- borne fungus that colonizes root and crown tissue of many 

members of the Poaceae (grass) plant family. 

• Plant pathogenic fungi differentiate a highly specialized infection cell called an appressorium as 

means of gaining entry into their plant hosts. Some fungi form distinct melanized infection cells. 

These may be appressoria as in the case of Magnaporthe grisea or Colletotrichum species, or 

hyphopodia as in the case of Gaeumannomyces graminis. Hyphopodia develop from mature 

hyphae while Appressoria develop from swellings at the tips of conidial germ tubes. 

• These cells mediate penetration, and adhere tightly to the host surface and produce slender 

infection pegs that pierce through the underlying cell wall. The cell walls of hyphopodia contain a 

dense layer of melanin whose presence is correlated with a build-up of turgor pressure and is 

essential for penetration. Irrespective of whether fungi use enzymes or force, or a combination of 

both to penetrate, they need to adhere tightly to the plant surface. 

• Fundamental studies of fungus-host penetration process have so far been challenged by the lack 

of instrumentation that allows quantitative investigation at the small size (3-10µ) scale of hyphae.  



We leverage micro/nano electromechanical system (MEMS/NEMS) to study the infection

process of the root by G. graminis, which is generally difficult to monitor.

The project involves scientists and engineers from agricultural and biological engineering, plant

pathology, bionanotechnology, and mechanical engineering with focus on biomechanics and

mechanobiology.

Broader Societal Impact: The knowledge from this research will enable us to develop

strategies using genetic engineering and/or new resistance mechanisms to control take-all.

The effective control of take-all will save millions of dollars by increasing yields and reducing

fungicide budgets. Further, it will enhance the sustainability of U.S. and world economy and

society and provide pathways for increased participation in research and engineering sciences.



The overall goal is to study the interaction of fungal cell with the 

micro-environment, especially as it relates to plant host surfaces 

through research and development, and use of micro/ 

nanoelectromechanical system (MEMS/NEMS). 

Objective 1:  Develop silicon-based micro/nano system

Objective 2: Develop polymer-based microsystem



We use melanized and nonmelanized isolates of each of G. 

graminis vars. tritici and graminis to  address the following 

fundamental questions: 

1. How do fungal cells sense topological features and/or 

chemical (stress) stimuli that influence the formation of 

hyphopodia and infectious hyphae?

2. How are the signals generated that trigger formation of 

hyphopodia or infectious hyphae on the root surface?

3. When and where are the hyphopodia signaled to produce 

melanin? 



Fundamental Questions cont’d

4. Do hyaline infectious hyphae use mechanical pressure 

or hydrolyzing enzymes to penetrate the host roots? 

Quantify the mechanical forces that are generated 

during penetration

5. When and where is melanin synthesized by infection 

hyphae during pathogenesis and whether it has a role in 

pathogenesis of G. graminis?



Infection of  Wheat Root

Lobed hyphopodia of G. graminis var. graminis

Infection of wheat root by Gaeumammonyces sp. (a) ectotrophic, melanized (black) hyphae;

(b) ectotrophic, melanized hyphae with hyline infectious hyphae invading the cortical tissue,

transcending the endodermis and colonizing the stele with melanized hyphae; (c) wheat root with

non-melanized hyphae at the surface of the endodermis and melanized hyphae in the stele.



Cantilever-based Cell Adhesion

Saif, T. et al., 2006



Force Response of  an Endothelial Cell as it is 

Deformed by a Nano-mechanical Force Sensor  

Saif, et al., 2006



Distal end of  Fungal Hypha (h) with Exposed 

Point of  Indentation (poi)



Future Plans

• To develop portable micro/nano (NEMS) sensors to study crop 

pathogens in different micro environment

• To explore mechanotransduction for crop disease management

• To extend NEMS test bed to food pathogens such as E. coli 

(Escherichia coli), Salmonella, Listeria, and others 
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Nanomedicine

ETPN - Nanomedicine European Technology Platform



Poly (lactic-co-glycolic acid) nanoparticles 

loaded with Callistemon citrinus phenolics 

exhibited anticancer properties against 

three breast cancer cell lines 

Ahmed, Rashid, Muhammad Tariq, Irfan S. Ahmad, Hanafy M. Fouly, Fakhar Abbas, Anwarul Hassan, Mosbah Kushad. 2019.
PLGA Nanoparticles loaded with Callistemon citrinus phenolic extracts as an anticancer agent for breast cancer cell lines.
(Journal of Food Quality. Article ID 2638481).



 Cancer is one of the deadliest killers in human history and is one of the major 

healthcare problems in the US, Qatar, and globally. 

 In 2018, an estimated 1,735,350 new cases of cancer were diagnosed in the 

US and 609,640 people died from the disease.

 In 2013, 16.4% of deaths of the Qatari population were due to cancer  while 

this number is expected to double by 2030.

 Breast cancer is the most commonly diagnosed cancer in women and the 

prostate cancer is the leading cause of cancer related death in men in Qatar.

 Cancer is the second-leading cause of death in the Palestinian territories, 

accounting for 14% of deaths and exceeded only by heart disease*

*Halahleh K, Gale RP: Cancer care in the Palestinian territories. Lancet Oncol 19:e359-e364, 2018.

https://linkinghub.elsevier.com/retrieve/pii/S1470204518303231


 In this study, we developed PLGA* nanoencapsulates loaded
with Callistemon citrinus extract, berberine and Callistemon
citrinus extract + berberine.

The nanoencapsulates were characterized by Scanning
Electron Microscopy, Zetasizing, Phenolic contents, Phenolic
contents nanoencapsulation, release studies.

The nanoencapsulates were tested on breast cancer cell lines
such as MCF-7, MCF-10A and MDA-MB 231 by Sulforhodamine
B colorimetric assay (SRB assay).

The results showed that nanoencapsulates loaded with
Callistemon citrinus extract + berberine successfully inhibits
the growth of MCF-7, MCF-10A and MDA-MB 231 breast cancer
cell lines.

*Poly (lactic-co-glycolic acid)



a

b

C

d

e

f

Size distribution images of PLGA 

NPs obtained through Hitachi 4800 

Scanning Electron Microscopy and 

Malvern Zeta sizing synthesized by 

a nanoprecipitation technique.  

(a)SEM images of C. citrinus;

(b) Berberine 

(c) C. citrinus + Berberine particles; 

(d) histograms of C. citrinus;

(e) berberine 

(f) 61C. citrinus + berberine 

nanoparticles.



(a) Percentage release of total phenolics of Callistemon citrinus, berberine and citrinus +

berberine loaded PLGA NPs over a period of 11 days under conditions resembling the

human gastrointestinal tracts; (b) Percent release of TP from berberine PLGA NPs (closed

circle), C.citrinus NPs (closed square), and (closed diamond) C.citrinus + berberine PLGA

NPs over a period of 28 days in cold storage at 4oC. Data represent means± SD, n=3.

Release and stability studies of  Total Phenolic 

Contents 
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A Novel Microchip Based Spatial Gene 

Expression Analysis Assay for 

Breast and Prostate Cancer

QNRF PROJECT: 120-170211

Project recently initiated jointly by the University of Illinois and Qatar University



Overall process flow schematic. a, LNCaP cells will be injected into a mouse and prostate cancer xenograft. b, Xenograft will be resected and immediately frozen and embedded in OCT to

preserve RNA. c, A 7um tissue cryosection will be loaded onto our microchip. d, A PDMS will be loaded on top of tissue-chip assembly. e, The PDMS shears and partitions the tissue into

small pixels at sharp well edges and pushes them into wells under centripetal force in a standard centrifuge. The pixelated tissue adheres to the silanized (APTES) well surfaces and the

PDMS will be removed. We call this process “Tissue pixelation”. f, Post pixelation, the tissue will be fixed with acetone. g, The pixelated tissue will be imaged using FTIR spectroscopy and

will be classified into different pathological regions. A proteinase K digestion will be performed after that to create a pathway for amplification enzymes to reach the target nucleic acids

inside cells. h, RT-LAMP reagents will be pipetted on chip in bulk (5ul). i, Compressed air will be blown on it at an angle inside mineral oil. j, Excess reagents will be sheared away and fluid

only inside wells will be retained due to capillary forces. In the above steps, picoliter volume RT-LAMP reagents (~175pL/well) will be loaded onto the chip through a rapid instrument-free

technique we call “bulk picoliter reagent loading”. k, Quantitative gene expression will be visualized through real-time imaging of the amplification reaction in each well that will be

performed using only a hot plate at 65C and a fluorescence microscope.





RT-LAMP reactions need picoliter minimal sample 

concentration. 

LAMP is effective against factors in tissues that inhibit  

polymerase chain reaction (PCR).

LAMP uses 4-6 primers which identify 6-8 regions on 

the template for amplification.

* Reverse Transcription- Loop-mediated isothermal amplification (LAMP)



The LAMP Reaction

Features:

 Isothermal (60-65 °C)

 No heat denature required

 High gain: ~109

 PCR-like sensitivity, selectivity

 Robustness to many PCR inhibitors

 ‘One-pot’ DNA or RNA

Tomita, et al. “Loop-mediated isothermal amplification (LAMP) of gene sequences and simple visual detection of products”, 

Nature Protocols, Vol. 3 No. 5, pg. 877, 2008. 

c



Tissue Pixelation and Reagent Loading

Tissue pixelation and Bulk picoliter reagent loading characterization. a-d, SEM characterization after tissue 

pixelation. Tissue partitioning and division into small pixels can be clearly visualized as tissue seen inside the wells. e-f,

DAPI-fluorescence imaging of the same pixelated tissue showing nuclei inside the well boundaries. g-h, Characterization 

after bulk picoliter reagent loading in tissue loaded wells. Fluorescent rhodamine dye was filled in the wells for 

characterization of cross-over across wells. Figure 3 g shows the low magnification image of dye filled tissue (*) and no-

tissue (**) regions and Figure 3h shows the high magnification image of a dye filled region with tissue. Well edges are 

seen as dark lines showing that they are above the fluid level and there is no overflow between adjacent wells. Partially 

filled wells indicated by a lower fluorescence were a small fraction of total wells on chip and confined to the chip 

boundaries as shown in Extended Data Fig. 1e. 



Fluorescence Images of Prostate Cancer Tissue

Chip and bulk loading characterization. a, Optical image of the chip. 

b, SEM image of the wells. 

c, Surface profilometer measurement of fabricated silicon oxide micro wells showing the depth of the wells. 

d, SEM image of the sharp well edge shown as red box in image b. The edge width is closed to 1μm. 

e, Stitched fluorescent image of the complete chip showing filling distribution of the wells using Rhodamine dye 

(*no tissue, **tissue). 

It can be observed that only some of the wells at the edges are partially filled. The well edges are dark and 

clearly visible indicating no cross-talk between adjacent wells. 

f, Histogram showing the well fluorescence distribution after filling. Note that lower fluorescence is attributed to 

partially filled wells (region 1) and higher fluorescence values are for wells without tissue (region 2).



ASSURED criteria (WHO) for the evaluation of 

point-of-care devices

Characteristic Example target specification

Affordable
Less than US$ 500 per machine, less than 

US$ 10 per test

Sensitivity, Specificity
Lower limit of detection: 500 HIV RNA 

copies per mL, 350 CD4+ T-cells per μL

User-friendly 1–2 days of training, easy to use

Rapid and robust

< 30 minutes for diagnosis, < 1.5 hours for 

HIV load monitoring, minimal consumables 

(i.e. pipettes), shelf life > 1 year at room 

temperature, high throughput

Equipment-free

Compact, battery powered, on-site data 

analysis, easy disposal, easy sample 

handling, no cold chain

Deliverable Portable, hand-held

http://www.who.int/bulletin/volumes/90/12/BLT-12-102780-table-T1.html

http://www.finddiagnostics.org/

http://developeconomies.com/

http://www.popularmechanics.co

m

http://jaffeweb.ucsd.edu/node/81http://www.finddiagnostics.org/

http://www.forbes.com/sites/gcaptain/2011/10/04

/the-ocean-network



Projected Outcome

1.A novel microchip with FTIR and RT-LAMP for analysis of the

prostate and breast cancer tissues. Such a technique currently

does not exist today and it will enable new applications not

envisioned today.

2.The technique allows for determination of expression levels and

amplification of genes to quantify their heterogeneity, which is

critical for cancer tumors.

3.The method is compatible with label-free histologic imaging

approaches, thereby providing complete molecular-histologic

imaging without degradation or loss of spatial identity.



Nanomedicine for Cancer Research: 

Studies on Biologically Active Proteins/Peptides from Medicinal Plants

Irfan S. Ahmad2,4,5, Atiya Abbasi1, Saubia Naz1, Uzma Zaman1,      

Kenneth L. Watkin2,3, Ezzudin Mohammed2,3, Brian T. Cunningham2,4,6

Sherine George2,6

1International Center for Chemical & Biological Sciences, HEJ Research Institute of Chemistry, 

University of Karachi, Pakistan

2Center for Nanoscale Science and Technology, Micro and Nanotechnology Laboratory,                
3Applied Health Sciences, and Beckman Institute, 4Electrical and Computer Engineering,       
5Agricultural and Biological Engineering, 6Bioengineering, University of Illinois                                          

Urbana-Champaign, IL 61801, USA                                                                            

www.cnst.illinois.edu

Leo L. Chan2,4, Saujanya Gosangari3, Julia Drubinskaya3, Roveiza Irfan2,3

Center for Nanoscale Science and Technology and College of Applied Health Sciences

Chan, Leo L., Saujanya L. Gosangari, Sherine George, Irfan Ahmad, Brian T. Cunningham, Kenneth L. Watkin.  2009.  

Cytotoxicity and specificity of amoora plant extracts on  breast and pancreatic cancer cells. Evidence-Based Complementary 

and Alternative Medicine; Volume 2011 (2011), Article ID 860605, 8 pages. http://dx.doi.org/10.1155/2011/860605



Motivation
Pakistan has the third highest cancer rate of all thirteen 

South-Central Asian countries1

Over 70% of the developing world's population still 
depends on the complementary and alternative systems 
of medicine (CAM)

 Evidence-based CAM therapies have shown remarkable 
success in healing acute as well as chronic diseases2

There is a need for:
 training and capacity-building programs for CAM practitioners

 bringing CAM to mainstream healthcare
1Based on the 2002 world wide statistics reported by the International Agency for Research on Cancer

Center for Nanoscale Science and Technology and College of Applied Health Sciences, 



Motivation cont’d

The Indo-Pakistan subcontinent is rich in remedial 
sources most of which remain untouched

Pakistan is among the eight leading exporters of 
medicinal plants

Hence, there is a need for:
 partnerships that help provide the infra-structure and training for applying rapid screening 

techniques for evidence based evaluation of various medicinal plant extracts

The application of nanomedicine technology has 
enormous potential for: 
 medical research and the treatment of diseases such as cancer

 the medicinal plant industry in Pakistan and other countries

Center for Nanoscale Science and Technology and College of Applied Health Sciences



How the Photonic Crystal Biosensor Works
• Cell attachment to sensor surface causes 

a change in wavelength of reflected light

• Referred to as Peak Wavelength Value 

(PWV) Shift

• Sensor surface is illuminated with white 

light at normal incidence

• Reflected light is collected with a 

spectrometer

• Sensor is incorporated into 96/384/1536 

well microplate format

• Imaging instrument - 22.3μm resolution 

mode

PWV

Cunningham, et al.

Center for Nanoscale Science and Technology and College of Applied Health Sciences



Cell Detection

• Attachment of cells to 

biosensor causes a PWV shift

• Histogram of PWV shift 

values is used to set a 

threshold for cell attachment

• Cell count is obtained from 

the histogram

L. Chan et. al, 2007

Center for Nanoscale Science and Technology and College of Applied Health Sciences



Screening Results

No Drug Positive Control Highly Cytotoxic Cytotoxic Reduced Proliferation

L. Chan et. al., 2007

Center for Nanoscale Science and Technology and College of Applied Health Sciences



Screening Results

Highly Cytotoxic 18 

Cytotoxic 10

Reduced

Proliferation

20

No Effect 7

Enhanced

Proliferation

6

Total 61

L. Chan et. al., 2007

No Effect Enhanced Proliferation

Category No. of Plant 

Extracts

Cunningham, et al.

Center for Nanoscale Science and Technology and College of Applied Health Sciences 



Human Pancreatic Cancer Cell Screening
• Developed cell assay for pancreatic cancer cells 

(Panc-1) for photonic biosensor system

• Studied cell proliferation in presence of drug 

– Gemcitabine Hydrochloride

– Obtain a drug concentration curve using the 

biosensor

• Currently studying cell proliferation in presence 

of plant extracts from our collaborators in 

Pakistan

• Five extracts current the focus of this study

Plant Extract IC 50 + SD 

(mg/ml)

White Cumin - Cuminum 

cyminum LTP

> 100 

Black Cumin - Carum carvi 83.51+ 1.08

Methi - Trigonella foenum-

graecum

46.89 + 0.65

Kalonji - Nigella sativa 20.13 + 0.41

Mako- Solanum nigrum 1.82 + 0.16

Doxorubicin -Standard 0.28

Results of in vitro cytotoxicity assay of 

some crude protein extracts/purified protein 

using Prostrate cancer cell line(PC3)
Cumin, Cuminum cyminum 

Watkin, et al.

Center for Nanoscale Science and Technology and College of Applied Health Sciences



Plant Extracts for Cancer Nanomedicine

Type of data produced
-Standardized data format?
-Specific to any particle class of 
nanoparticle?
-Data archived anywhere?

-Plant extracts for medicinal use (cancer and 
infectious diseases)
-Current Qty: 100, with 3000 more to study
-Being explored with NanoHub at Illinois

Importance and frequency of this 
type of nanocharacterization
-Importance=(1-5 scale, 5 highest)
-Frequency of use=(1-5 scale, 5 highest)

Importance: 4
Frequency:   4

Type of equipment/ 
instrumentation needed

Biophotonic crystal sensor and card reader

Reference materials available      (if 
a all)
-Interlaboratory studies performed?

-Beckman Institute for Advanced Science and Technology

-Micro and Nanotechnology Laboratory

-ICCS/HEJ Chemistry Institute, Karachi; USDA, ARS, National -

Genetic Resources Program. Germplasm Resources Information 

Network - (GRIN) [Online Database]

Center for Nanoscale Science and Technology and College of Applied Health Sciences



Illinois Medicinal Plant Database:
Typical Plant Extract Entry

Brassica juncea  
 

Scientific name(s): Brassica juncea (L.) Czern. (1), Brassica integrifloia (Vahl) O.E. Schulz, non Rupr. (1) 

Brassica integrifolia Rupr. (1). Brassica japonica Thunb. (1). Brassica juncea (L.) Czern. Var. crispifolia L.H. 

Bailey (1), Brassica juncea Czern. Var. japonica (Thunb). L.H. Bailey (1), Brassica willdenowii Boiss. (1) 

Sinapis juncea L. (1), Brassica integrifolia (West). O.E. Schulz (2), Brassica juncea (L.) Hook. F. & Thomson 

(3), Brassica juncea (L.) Coss. (3), Brassica juncea (Linn.) Czern. Et. Coss (4) 

 
Family name(s): Brassicaceae (1) 

Cruciferae (2)   

English name(s): India mustard (1), curled mustard (4), brown mustard, leaf mustard, mustard greens, 

chinese mustard (8) 

Urdu name: Sarson (5)  

Arabic name: Khardal  

Scienti f ic  c lassi f ication  

Kingdom: Plantae 

Division: Angiosperms 

Order: Brassicales 

Family: Brassicaceae 

Genus: Brassica 

Species: B. juncea 

Introduction  

Brassicaceae is a large family which include 350 genera and about 3000 species (5). It is a distributed nearly 

worldwide, especially in the temperate areas, with the highest diversity in the Irano-Turanian region, 

Mediterranean area, and Western North America (6). The genus Brassica includes plants that are annual, 

biennial, or perennial herbs. There are about 40 species in this genus distributed mainly in the 

Mediterranean region; only seven of them are found in Pakistan, among them is Brassica juncea (L.) Czern 

(5). 

Brassica juncea (L.) Czern is native to Asia temperate, widely naturalized and widely cultivated (7). 

 

 

 

Distr ibution  

Center for Nanoscale Science and Technology and College of Applied Health Sciences, University of Illinois

  

 

 

Description  

Brassica juncea (L.) Czern is an erect, reddish-brown (5). There is tremendous variation in the basal leaf 

morphology of Brassica juncea (L.) Czern., and minor variants have been recognized at specific, 

subspecifical, and varietal ranks (10).  

Constituents and Uses  

Brassica juncea (L.) Czern. is high in vitamin A, vitamin C, and iron. Seeds contain sterols, sinigrin, myrosin, sinapic acid, 

sinapine, and fixed oils. Hydrolysis of sinigrin by the enzyme myrosin yields allyl isothiocynate, glucose, and potassium 

bisulfate. Allyl isothiocynate is volatile. Allyl isothiocyanate is an irritant. It is also lachrymatory and has counterirritant 

properties when greatly diluted. It should not be tasted or inhaled when undiluted. It is one of the most toxic essential oils. 

Volatile mustard oil has strong antimicrobial (bacteria and fungi) properties (11). 

 

Brassica juncea (L.) Czern is reported to be anodyne, aperitif, diuretic, emetic, rubefacient, and a stimulant. It is a folk 

remedy for arthritis, footache, lumbago, and rheumatism. Seeds used for tumor in China. Roots used as a galactagouge in 

Africa. Believed to be aperient and tonic, the volatile oil is used as a counterirritant and stimulant. In Java the plant is used as 

an antisyphilitic emmenagogue. Leaves applied to the forehead are said to relieve headache. In Korea, the seeds are used for 

abscesses, colds, lumbago, rheumatism, and stomach disorders. Chinese eat the leaves in soups for bladder inflammation and 

hemorrahe. Mustard oil is used for skin eruptions and ulcers (11).  

 

 

 

Phytochemicals  
 

 
Glucobrassicanapin 

 
Glucoiberverin 

 
Gluconapin 

Mohammed, et al.

Notes  
Disclaimer: Everything mentioned in this database is for educational purposes. The University of Illinois cannot take responsibility for any 

adverse effect from the use of plants mentioned in this database. Always seek advice from a professional before using a plant medically. 

Imaged at Beckman Visualization Lab.
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Project Background

• The main goal of this project was to

elucidate various mechanisms that mold fungi

utilize to degrade various protective coating

systems in the military hardware, and study

the effect of anti-corrosion agents.



Objectives

1: Test mold fungi on various coating materials that are used for coating

systems (primers and topcoats)

2: Use atomic force microscopy (AFM) to investigate mechanical

penetration of mold fungi to coating materials and associated physical

changes.

3: Apply Raman and Infrared spectroscopy techniques for chemical

characterization of fungal degradation process of coating materials during

colonization of mold fungi on them.



Fungal Growth

 Fungal growth:

 Starts with germination on a spore

 Hyphal tip stretches and divides in 

branches

 Dense mat of hyphae grows- known as 

mycelium- results in high surface area
 Fungal degradation of surface coatings:

 Both physical penetration (hard chitin cell wall) 

and release of chemicals 

 Tips of Hyphae release enzymes- Urease, 

Protease, Esterase, Laccase (Nakajima-Kambe, et al.)

 Enzymatic breakdown of substrate and/or 

coatings

Esterase Enzyme Activity

Degraded material 

is absorbed back by 

hyphae

Hypha

Fungal degradation Process

Spore 

germination

Mycelium

Only tip wall is 

plastic and stretchesRigid hyphal wall



Sample Types

Automotive

System 1*

Lighting 
Fixtures

Public Bldg

Hardware

System 2*

Northwest Auto Salon
Growers International

*Coatings



Mold Fungi Growth and Characterization through 

Microscopy

Enriched Fusarium Fungus species on 

Potato Dextrose Agar (PDA) media

Optical microscopy images of (A) Alternaria,                      

(B) Fusarium, (C) Aspergillus flavus and                                      

(D) A. Pullulans fungal species

Hyphae

D

50 µm

Penicillium spp, Aspergillus

spp. and Phycomycetes like 

fungi were isolated from the 

coating samples 



Fungi Characterization- FTIR Spectroscopy

• In vitro FTIR spectral scan collected on Fusarium hyphae

• 2D-FTIR image of hyphae at amide-I (1640 cm-1) 

A
b
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a
n
c
e
 (

A
.U

.)

Wavenumber (cm-1)

1640

Amide-I

1540

Amide-II

50 µm

IR Image at 

Amide-I 

(1640 cm-1)

Microscopic 

Fusarium on 

Low-e slide



Fungal Mechanical Penetration- AFM and LSCM
Fungal 

surface

Pits

Atomic Force Microscopy (AFM)

Laser Scanning Confocal Microscopy (LSCM)

System 1

 Atomic Force Microscopy (AFM):

 Sample: Coating B + Alternaria anternate + 

10 weeks exposure

 Uneven coating surface with low (dark) and 

elevated (white) areas of pits in coatings 

and superficial hyphae of the fungus, 

respectively.

 Control samples had significantly low 

roughness

 Laser Scanning Confocal Microscopy (LSCM): 

 Sample: Coating A + Aureobasidium 

Pullulans + 10 weeks exposure

 The fungal infected area (left) show 

mechanical damage (lifted coating surface) 

in comparison to non-fungal infected areas 

(right) 700 µm

Fungal infected Non-Fungal infected



Fungal Mechanical Penetration- SEM

92
Control Sample Fungal Exposed Sample 

SEM used to determine adhesion of fungi and subsequent etching of the samples. Fungal penetration into coated surface.  

Initial observations showed that fungi may cause substantial damage to coated surfaces under conducive conditions.

Hyphae

Hyphal fusion

System 2



Infrared Characterization of  Coatings

93

• Reflectance FTIR spectroscopy did not work 

for both in-house samples Primer (Coating A) 

and primer + topcoat (Coating B)

• Probably due to scattering from too thick 

layers of coatings on the substrates

• Attenuated Total Reflectance with Fourier 

Transform Infrared (ATR-FTIR) spectroscopy 

show spectra with several sharp bands.

• Several of these bands are characteristic of 

coating systems reported previously by Keene 

et al., (2004) and Nguyen et al. (2002)
– C=O stretch in ester at 1726 cm-1 

– (C=O) + (O-CH2) stretch in Ester at 1240 cm-1

– C-O-C ester stretch at 1147 cm-1.

Coating A – Reflectance FTIR
A

b
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a
n
c
e
 (

A
.U

.)

Wavenumber (cm-1)

Coating A – ATR- FTIR

1
7
2
6

Ester (C=O),  

Urethane 

Amide I C=O 

stretch

1
1
4
7

(C=O) + (O-CH2) 

stretch

1
2
4
0

(C=O) + (O-CH2) 

stretch in Ester
O-Si-O 

Asym stretch

1
4
6
6

CH2 stretch in 

Urethane

System 1



94
Wavenumber (cm-1)
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 The PCA analysis shows clear separation between A. 

Pullulans exposed and control samples

 PC1 loadings highlights the interesting urethane 

bands at 1726 cm-1 (C=O stretch in ester) and 

1147 cm-1 (C-O-C stretch in ester) as the bands 

or interests.

 PC1 also accounts for a very high, 98%, variance 

between two set of  spectra 

 Since the  band at 1726 cm-1 contribute to large 

part of the variance as compared to band at 

1147 cm-1; henceforth will be used for fungal 
degradation characterization.

 Usually larger area can be scanned in less time using 

FTIR as compared to Raman.

Fungal Degradation: ATR-FTIR Spectroscopy
System 1



Chemical Degradation: ATR-FTIR Spectroscopy

Average representative 

spectrum for fungal regions
Average representative 

spectrum for non-fungal 

regions
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 Spatial distribution of mold fungi 

and primer coating on a A. 

pullulans exposed CS-2A substrate 

characterized by FTIR bands at 

1645 cm-1 and 1726 cm-1.

 The complementary plots (i.e., 

max concentration of one is 

marked by min concentration of 

other and vice-versa) indicate 

degradation due to fungal growth.

System 1



1. Several mold isolates were isolated, identified from the coating samples 

2. Mold fungi grew well on coating samples, resulting in mechanical 

penetration through cracks and ruptures

3. Mold fungi growth caused chemical degradation to coated surfaces

4. Capability developed to accelerate and analyze the degradation process 

involving mechanical penetration and chemical degradation

5. Capability to design and develop imaging tools and hand-held testing 

devices, to study mechanical penetration, surface metrology, and 

chemical degradation



Summary and Conclusions

• Liposomes showed the potential to encapsulate pesticide for delayed 

release for environment-friendly agriculture

• Medicinal Plants for Cancer Cell Apoptosis and other Infectious Diseases

• Lab-on-Transistor for Cancer Diagnosis- a LAMP based method

• Evidence of Fungal Damage through Mechanical Penetration of Coated 

Materials

• Multidisciplinary expertise key to the success of the projects presented
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