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T1 Research Overview
ÅHypothesis driven team/convergent scienceɀatomic scale properties of 2D 

materials can be manipulated to influence geneticresponses of microbes and 
their biofilm phenotypes

ÅTwo research foci addressing the Grand Challenges of food, energy and water

üArea 1 ɀmicrobiallyinduced corrosion (water, oil and gas infrastructure 
integrity)

üArea2 ɀmicrobiallyenhanced nitrogen fixation (food production)

üPredictive Modeling and Big Data Discovery
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ÅCOVID-19 impact
V ~75% of 2D BEST research is experimental
VMar-Jun - Labs shut down except for essential activities, e.g. keeping cells alive
V July to date ςreduced lab access/activity to accommodate physical distancing

ÅOutline
ü Preparation for NSF Reverse Site Visit, March 2020
ü Area 1 Overview ςObjectives; Activities; Results, Outcomes & Accomplishments; 

Progressand Future Plans
ü Area 2 Overview ςObjectives; Activities; Results, Outcomes & Accomplishments; 

Progressand Future Plans
ü Seed Grant Overview
üQ&A as time permits
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Research Area 1.  Stress Resistance  

Ramana Gadhamshetty

Dec 10th, 2020

All Investigator Zoom Meeting  
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IntroductionɀArea 1
Problem: Microbiologically influenced corrosion (MIC) challenges oil and gas industries and water 

infrastructure. Polymer coatings used to protect metals are prone to microbiologically influenced 
corrosion (MIC) 

Solution/Goal: Developnon-invasive protective 2D coatings for protecting metal surfaces exposed to 
aggressive microbial environments.

Hypothesis: Atomic-scale defects in 2D materials used to modify metals will provoke molecular 
mechanisms that induce stress resistance, biocorrosion, and electronic communication genes in sulfate 
reducing biofilms.

Approach: 2DBESTresearcherswill: (1) determine the genesand metabolic networks that govern SRBbiofilms in responseto

changesin atomic-scale features (stone-wales defects, point defects, and grain boundaries)and the correspondingbarrier and

galvanicpropertiesof 2D coatings; (2) match eachparameterto SRBmolecularmarkersand biofilm phenotypes(stressresistance;

extracellularelectron transfer capabilities; corrosionability; adhesion,morphology and structure) and (3) apply new mechanistic

knowledgeto designandcreateanewclassof 2Dmaterialsto blockbiocorrosion.
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ÅGoals

ï Task 1.1 a) Grow SRB biofilms on rationally designed 
2D coatings on Cu surfaces and evaluate the SRB 
stress response as a function of controlled coating 
properties b) Develop a microfluidic platform that 
combines single-cell/bioelectrochemistry approaches 
with fluorescent probes to study how a single SRB cell 
interacts with corroding metals

ï Task 1.2 Elucidate molecular mechanisms involved in 
SRB biofilm formation on rationally designed 2D 
coatings on Cu surfaces

ï Task 1.3 Predict and validate biofilm phenotypes 
(stress resistance) associated with induced genes 
using gene knockout/overexpression strategies

Team Members:

Jasthi, Sereda, Dhiman, 
Benjamin, Kalimuthu, 

Lushbough, Gnimpieba, Butzin, 
Gu, Subramanian 

Area-1 Leads  
Research Thrust Area 1: 

Ramana Gadhamshetty
(2D materials, SDSMT)

Rajesh Sani
(Biology, SDSMT)
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A-1 Process outline
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ÅSub-Tasks/Objectives  
ïDevelop Biofilm-KIDS v0.1

ïDevelop Data Mining Processes to gather 
dataset from multiple sources

ïDevelop GOIP: Gene of Interest prediction 
tools

ÅActivities
ï1 SBIR grant submitted on READS system

ï1 Predictive model developed and in 
production 

ï3 papers in preparation

ÅResults, Outcomes & Accomplishments
ïBiofilm-KIDS v0.9 available for beta testing

ï6 Data Mining workflows available 

ïBroader impact workshop funded

Task 1.1.1: Develop machine learning tools to identify 2D coatings 
for biocorrosion
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Progress relative to intellectual merit
Å Research Proposals submitted:
ï 1 NSF Workshop proposal (PI)
ï 1 NSF SBIR (PI)
ï 1 NIH R21, 1 NIH R01 (Co-I)

Å Awards: 1
Å Publications, Presentations
ï 4 publications (1 related to the project)
ï 5 presentations

Å Students trained
ï 8 Undergraduates
ï 5 Graduates (MAs, PhD)
ï 2 Post Doc

Å Other
ï 2 software packages (R and Python)

Plans for future activities
Å Research Proposals submitted

ïNSF PRGP (in development)

ïNIH R21

Å Publications, Presentations

ï 2 data miningworkflow papers (Material, biofilm)

ï 1 predictive modeling paper (GEPO v0.1)

Å Collaborations

ï International Collaboration with NBIC: working 
group on biofilm to create top priority questions in 
biofilm discovery

Å Other

Task 1.1.1 Machine learning tools Future Activities
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ÅSub-Tasks/Objectives  
ïDevelop a new 2DML facility at SDSM&T

- EasyTube chemical vapor deposition (CVD)

- Pulsed laser deposition (PLD) with 
molecular beam epitaxy (MBE)

ÅActivities
ï Identify and renovate space for 2DML

ïDesign, acquire, install and commission CVD 
for growth of hexagonal boron nitride (hBN)

ïDesign, acquire, install and commission PLD

ïAcquire characterization tools

Results, Outcomes & Accomplishments
1   Acquired 2DML at Ascent Building, SDSMT. The  
space is being renovated

2. Received CVD; expecting PLD by 12/30/20

3. CVD training and 2D materials at University of 
Minnesota

Task 1.1.2.0: Develop 2D Materials Laboratory (2DML)

Jasthi       Gadhamshetty

PLD/MBE 2300 (from PVD Products, Inc.).EasyTubeCVD (From CVD Corporation).
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ÅSub-Tasks/Objectives  
a. Develop and optimize the Czochralski (CZ) 

Process

b. Synthesize and characterize CZ-grown 
Materials  

ÅActivities
ïDesigned a CZ process to grow monocrystalline 

and polycrystalline (PC) forms of Cu

ï Introduce rationally designed dislocation in Cu 
crystals (Annealing and cold working)  

Results, Outcomes & Accomplishments
- Obtained CZ-grown poly Cu crystals

- Introduced dislocations and defects into cold 
worked Cu crystals via cold-working processes

Jasthi 

Task 1.1.2a: Czochralski (CZ) process  
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ÅSub-Tasks/Objectives
a. Synthesize 2D materials on Cu surfaces

b. Characterize 2D Materials  

ÅActivities
ïTrained graduate students in CVD at Midwest 

Nano Infrastructure Corridor (MINIC) lab 

ïAcquiring CVD equipment for h-BN (SDSMT) 
and GR (SDSU)

ïDeveloped methods for characterizing 
graphene (GR) and hexagonal boron nitride 
(hBN) materials

Results, Outcomes & Accomplishments
- Grow SL-GR on PC-Cu crystals

- Ongoing efforts to grow SL-GR on single Cu 
crystals, CZ-crystals, and annealed and cold-worked 
Cu

- Methods of assessing signatures of GR on PC-Cu

Gadhamshetty 

Task 1.1.2b:  2D materials synthesis and characterization  
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ÅSub-Tasks/Objectives
ï Defect Engineering

ï Defect Plugging

ÅActivities
ï Acquiring PLD/MBE equipment

ï Developing selective functionalization of graphene 
defects with amino-groups to affect their interaction of 
biofilms and tag the defects for their imaging

ï Identified the TEM instrument at the UNL able to 
provide atom-scale resolution of graphene

ï Developing strategies to introduce defects using 
Plasma based approaches.

ï Working on the acquisition of a Raman confocal 
microscope for characterization of graphene defects

Results, Outcomes & Accomplishments
- Introduced dislocations in Cu samples

- Force adhesion map and work function profiles of grain 
boundaries in GR

- Synthesized organic linkers for dipolar amination of 
defective sites in GR. Analyze amino-groups on GR and 
mapped them with EDX-SEM  

Task 1.1.2c:  Defect engineering and plugging
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Gadhamshetty
Sereda

Jasthi
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Task 1.1.2 2D materials Future Activities:

Progress relative to intellectual merit
Å Research Proposals submitted:
ï 1 DOE-NEUP ($800,000)
ï 1 NAVY SBIR Phase-II ($200,000)

Å Awards: DOE SBIR Phase-IIA, Airforce SBIR Phase-1, 
SDBOR-i6

Å Publications, Presentations
ï ~15 publications (3 related to 2D materials/MIC)
ï >10 presentations

Å Students trained
ï 2 Undergraduates
ï 7 Graduates (PhD)
ï 2 Post Doc

Å Other
ïCVD and PLD training; CVD software package  

Plans for future activities
Å Research Proposals  

ïNSF NRT (in development)

ïNSF RII T2 (in development)

ïNSF Advance (in development)

ïNSF MRI (XPS) (in development)

Å Publications, Presentations

ï >5 pubs (CZ, 2D-material, biofilm)

Å Collaborations

ïCollaborations with MINIC, UNL, SENIC

Å Others

ï CZ process for single Cu crystals

ï Commission and operate CVD (hBN) and PLD

ï Acquire a 2nd CVD for GR

ï Acquire Scanning electrochemical microscopy

14



Å Sub-Tasks/Objectives
ï AssessMICresistanceof PC-Cuand those modified with GR,

andhBN- samples
ï Test microbial corrosion resistance of defective copper

samples,obtainedviaacoldworking(CW)process.
ï Carry out electrochemical impedance spectroscopy (EIS)

analysis of pristine and defective forms of Cu samples
exposedto D. alaskensisG20.

Å Activities
ï 16%, 29.5%and56.2%CW-PC-Cusampleswereusedfor MIC
ï Perform EIS, linear polarization resistance(LPR) and Tafel

analysis
ï Identify corrosionresistancemechanismof defective copper

anddevelopsuitableheterostructurecoatings
ï Study the differential geneexpressionof DA-G20 exposedto

pristineanddefectivecoppersamples
ï Working in collaboration with Dr. Jasthion defective copper

samples

Results, Outcomes & Accomplishments
Á Established baseline data for MIC resistance of PC-Cu, GR-Cu, 

and hBN-Cu samples 
Á Ongoing efforts to assess the effect of dislocations in PC-Cu 

- 56.2% CW copper showed 1.5 folds lesser total resistance  
than the control copper annealed sample on day 6
- Phase angle maxima and OCV showed that CW samples 
showed higher electrochemical activity than the copper 
annealed samples. Higher MIC of CW samples compared to 
pristine Cu  

Task 1.1.3:  Biocorrosion tests with DA-G20 

Corrosion cells EIS

M 1 2 3 4

23S rRNA

16S rRNA

Genomic DNA

250 bp

500 bp

RNA from DA-G20

Gadhamshetty Kalimuthu
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Progress relative to intellectual merit
Å ResearchProposalssubmitted: Pleasefill inȣ..

Å Awarded: Pleasefill inȣ..

Å Publications:Twomanuscriptsareunderpreparation

Å Four graduate students were trained on microbially
induced corrosion, Raman spectroscopy, scanning
electron microscope, confocal laser scanning
microscopeandRNAextractionprocedure

Plans for future activities
Å Establishprotocols for biofilm quantification by CV

staining and CLSM during biofilm conditioning
phaseof DA-G20

Å Research Proposals: proposals (equipment and
research)areplannedto besubmitted

Å Onemanuscriptsisplannedin collaborationwith Dr.
Jasthi

Å New collaboration with Montana State University
(genetic modifications of DA-G20) will be
established

Å RNA-seqanalysiswill be performed to evaluatethe
genetic mechanismof DA-G20 grown on pristine
anddefectiveCu

Task 1.1.3:  Biocorrosion tests Future Activities 
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Å Sub-Tasks/Objectives
ïGrow DA-G20 in glass bottom Petri dishes

ïVisualize biofilm using live dead staining/ 
fluorescent stain

ï Tested 3D printed electrodes with DA-G20  

Å Activities
ïAnalyzed DA-G20 cell structure and biofilm 

morphology on bare Cu and hBN-Cu

ïAnalyzed electrochemical response of DA-G20 
cells adhered onto 3D printed electrodes 

ï Working with vendors to acquire screen printed 
electrodes with Cu as the working electrode

Results, Outcomes & Accomplishments
Å SEM micrographs showed biofilm microstructures (SE 

detector) and biofilm forming DA-G20 cells (In-lens detector) 
grown on bare Cu. Red arrows denotes biofilm microstructures 
and yellow arrow denotes cells.

Å Fluorescence microscope image of DA-G20 cells on corroded 
Cu surface after 48 h exposure and staining with SYTO 9 
green-fluorescent nucleic acid

Kalimuthu, Butzin, Subramanian, 
Krishnaraj and GadhamshettyTask 1.1.4:  Develop a microfluidic platform for single-cell-

electrochemistry and live-imaging 
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