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Sample Template 

Specific Aims: NIH 
Title 
The title should create a good first impression, inform the reviewer of 
the proposed research topic, and engage the reviewer’s interest. 

Note: NIH limits titles to 81 characters (including spaces). 

1st Paragraph 

♦ Introduce the project. 

• Relate the project to the agency’s mission. 

♦ Educate the reviewer. 

• Summarize the important knowledge. 

♦ Identify the gap in the knowledge or state the critical need. 

♦ Identify the problem created by the gap or need. 

2nd Paragraph 

♦ Describe your long-range research or career goal(s). 

• Ensure that your long-range career goal aligns with the agency’s mission. 

♦ State your overall project goal. 

• Ensure that the overall project goal addresses an identified gap in knowledge and represents a step 
toward achieving your long-range career goal. 

♦ Present your central hypothesis (or, alternatively, a statement of need). 

• Be sure that you present a true hypothesis – one that can be objectively tested to determine its 
validity – rather than a predetermined conclusion. 

♦ Explain your rationale for pursuing the project. 

• Indicate what it will be possible to accomplish when your research is complete. 

♦ Describe your qualifications and research environment. 

• How you are better prepared than other, equally qualified researchers. 

• Identify special training, expertise, experience, and, most importantly, relevant preliminary data. 

• Identify access to human and animal subject pools; to unique equipment and instrumentation; and 
to collaborations and partnerships. 

3rd Paragraph 

♦ Delineate your specific aims in a bulleted list. 

• Ensure that specific aims correlate with your central hypothesis. 

• Ensure that all specific aims relate to and support your overall project goal. 

• Provide conceptual rather than descriptive specific aims.  

• Delineate a reasonable number of specific aims, presented in a logical order. 

• “Why” aims are generally stronger than “what” aims. 

• Define a clear purpose, working hypothesis or statement of need, and expected outcome for each 
specific aim. 

• Make sure no specific aim is dependent on the successful outcome of another aim. 

4th Paragraph 

♦ Identify the project’s innovation, e.g., a unique approach or technology. 

♦ Delineate the project’s expected outcomes. 

• Should validate central hypothesis and resolve gap in knowledge. 

♦ Summarize the project’s significance  

• Provides segue to Background and Significance 

 

Special Note 

Ideally, the Specific Aims section 
of an NIH application should be 
limited to approximately 1 to 1.5 
pages.  

Also note that NIH now requires 
that applications be prepared using 
one of four fonts: Arial, Helvetica, 
Georgia, or Palatino Linotype. 



California Institute for  
Quantitative Biosciences 

How to Write A Competitive 
Grant Proposal: 
Specific Aims 

Erica Whitney 
Research and Career Development Manager, QB3 



  Timeline for Proposal Preparation 

Berg, K.M, et. al. J Gen Int Med 2007;22:1587-95 

Figure 1 Steps of the NIH grant application process. Steps in preparing 
and submitting a grant proposal.  



  Timeline for Proposal Preparation 

Inouye, S. K. et. al. Ann Intern Med 2005;142:274-282 



Most common reasons for not receiving 
funds*: 

•  Lack of new or original ideas 
•  Diffuse, superficial or unfocused research plan 
•  Lack of knowledge of published relevant work 
•  Lack of experience in the essential methodology 
•  Uncertainty concerning the future directions 
•  Questionable reasoning in experimental 

approach 
•  Absence of acceptable scientific rationale 
•  Unrealistically large amount of work 
•  Lack of sufficient experimental detail 
•  Uncritical approach 

  *Per Cheryl Anne Boyce, Ph.D. and Houston Baker, Ph.D., 
Grant Writing for Success, NIH Regional Grant Workshop 



What are Your Goals? 

•  Specific 
•  Measurable 
•  Realistic 



Specific Aims 

Your Specific Aims are the cornerstone 
of your entire proposal. 

•  The objectives of your research project. 
•  What you want to accomplish. 
•  Your project milestones. 
•  Testable concepts and ideas. 
•  Focused on an unresolved issue or on a 

roadblock to advancing the field.  



Specific Aims 
Your specific aims are: 
•  The most important page of your 

proposal. 
•  Start with a brief problem statement to 

introduce your research question and 
state why it is important. 

•  Limited to 2-4 aims. 
•  Declarative (use short bullet points). 
•  Explain why this research matters. 
•  Not inter-dependent but supportive of 

each other. 



Specific Aims 
Include, on 1 page: 

Introduction: 
- Big picture/relevance of  
your research. 
- The problem you are 
addressing. 
-  Focus of project/what  
you hope to accomplish. 
- Overall hypothesis. 
- Lead into Specific Aims. 

Specific Aims: 
- Propose to test  
mechanistic hypotheses. 
- State what you propose  
to determine or test. 
-  Specific Aims are not 
methods; include brief 
description of approach 
after the Specific Aim. 



2.  SPECIFIC AIMS 
Insert preamble that describes the unmet medical need and/or 
gaps in our biomedical knowledge and why this is an important 
topic of study. 

Our long-term goal is to understand ____. The specific objective 
of this proposal is to ____. The central hypothesis is that ____.  
We formulated this hypothesis, in part, based upon our strong 
preliminary data, which shows that ______. The rationale for the 
proposed research is that once it is known how ____. We will 
pursue these studies in three Specific Aims: 
   
Aim 1  INSERT TEXT.   

 Our working hypothesis for this Aim is that ____.  
Aim 2  INSERT TEXT.   

 We will test the hypothesis ____.   
Aim 3  INSERT TEXT.   

 In these studies, we will examine the prediction that ____. 

The proposed work is innovative because it capitalizes on ____.  
At the completion of this project, we expect that the combined 
work proposed in Aims 1 and 2 will ____.  We also expect that 
Aim 3 will establish ____. 



Introduction 
Dr. James R. Alfano, University of Nebraska at Lincoln 

Application 1-R01-AI069146-01A2: Suppression of innate immunity by an ADP-
ribosyltransferase type III effector  

Eukaryotic innate immune systems act as effective barriers to 
infection by microorganisms. Understanding the mechanisms that 
bacterial pathogens employ to circumvent innate immune systems 
will improve our ability to control disease. Plants and animals use 
specific pattern recognition receptors (PRRs) to recognize 
conserved molecules of microorganisms (known as PAMPs). 
Plants have numerous PRRs that can recognize specific virulence 
proteins specifically present in pathogens (known as Avr proteins). 
Many Gram-negative bacteria use type III protein secretion 
systems to inject effector proteins into host eukaryotic cells. We 
have shown that a primary role for many Pseudomonas syringae 
type III effectors is to suppress innate immunity. However, the 
enzymatic activities and the mechanisms that type III effectors use 
to suppress innate immunity are not well understood. Identifying 
the enzymatic activities of type III effectors and their substrates is 
essential to identify important components of innate immunity and 
to improve strategies to control bacterial diseases. 
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Rele-­‐	
  
vance	
  

Problem	
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Our long-term goal is to elucidate the molecular basis for suppression of 
innate immunity by type III effectors. The objective of this application is to 
identify targets of the P. syringae type III effector HopU1, a mono-ADP-
ribosyltransferases (ADP-RTs), and to determine its roles in bacterial 
pathogenesis. The central hypothesis of the proposed experiments is that the 
targets of the HopU1 ADP-RT type III effector will be components of innate 
immunity. We formulated this hypothesis based on the literature and on our 
research on other type III effectors as well as our preliminary data showing 
that HopU1 suppresses outputs of innate immunity. Recently, we have shown 
that HopU1 can use several Arabidopsis RNA-binding proteins as high affinity 
substrates in in vitro ADP-RT assays. Based on our preliminary data, one of 
these proteins, AtGRP7, plays a role in innate immunity. A major goal of this 
application is to elucidate the function of this protein as it relates to innate 
immunity. We are prepared to undertake the proposed research because we 
have extensive experience in manipulating type III systems, and we were 
among the first to report that certain type III effectors suppress innate 
immunity. In addition, our preliminary identification of HopU1’s substrates has 
positioned us well to perform the experiments described in this application. 
Our research team includes experts in the following areas: type III secretion 
systems, proteomics and mass spectrometry, Affymetrix microarrays, plant 
glycine-rich RNA-binding proteins, and animal pathogen ADP-RTs. This 
qualified group of investigators will insure that our discoveries are linked to 
basic concepts of pathogenesis and immunity in both plants and animals. 

Overall 
hypothesis 

Link to 
preliminary 

data 

Goal 

Objective 

Rationale 



Introduction 
Mark S. Smeltzer, University of Arkansas 

Staphylococcus aureus is a well-armed opportunistic 
pathogen that produces a diverse array of virulence factors 
and causes a correspondingly diverse array of infections. 
The pathogenesis of S. aureus infections depends on the 
coordinately-regulated expression of two groups of 
virulence factors, one of which (surface proteins) allows 
the bacterium to evade phagocytes and colonize host 
tissues while the other (extracellular toxins and enzymes) 
promotes survival and multiplication at a localized site of 
infection. Our long term goal is to elucidate the regulatory 
mechanisms controlling expression of these virulence 
factors as a prerequisite to the development of therapeutic 
protocols that can be used to attenuate the disease 
process.  
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The specific hypothesis behind the proposed research is that 
the staphylococcal accessory regulator (sar) is a major 
regulatory switch controlling expression of S. aureus 
virulence factors. That hypothesis is based on the following 
observations. First, sar encodes a DNA-binding protein (SarA) 
required for expression of the agr-encoded RNAIII regulatory 
molecule (27). The SarA-dependency of RNAIII expression is 
important because RNAIII modulates expression of many S. aureus 
virulence factors (29). Second, phenotypic comparison of sar 
and agr mutants indicates that sar also regulates expression of 
certain S. aureus genes in an agr-independent manner (11, 21). An 
example of particular relevance to this proposal is the S. aureus 
collagen adhesin gene (cna). Third, mutation of sar results in 
reduced virulence in animal models of staphylococcal disease (8, 
10, 28). Moreover, as anticipated based on the preceding 
discussion, sar/agr double mutants have reduced virulence even by 
comparison to agr mutants (8, 24). Based on these observations, 
the experimental focus of this proposal is on the sar 
regulatory locus. The specific aims are designed to provide a 
comprehensive assessment of the agr-independent regulatory 
functions of sar: 
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Specific Aim 1. We will test the prediction that X….. 
  1A. We will manipulate X and measure Y … 
  Our hypothesis predicts … 

  1B. We will do X assay to determine …. 
  We expect to find … 

Specific Aim 2. To characterize the mechanism of … 
  2A. We will test whether X happens by Y…. 
  We predict that … 

  2B. We will test the hypothesis that X  
  happens by carrying out Y methods … 

Specific Aims 



Aim 1: To develop oligonucleotide-based 
approaches to reduce FMR1 RNA in vivo. 

Experiments will test predictions of our 
hypothesis that reductions in FMR1 RNA 
levels in neurons and/or astrocytes will 
ameliorate the neuropathology of FXTAS. 
This aim also tests the location (nuclear vs. 
cytoplasmic) of the cellular pathology 
caused by expression of the exCGG. 

Specific Aims 
Paul Hagerman, University of California, Davis, 5UL1DE019583-04  



Aim 2: To define the timing and 
reversibility of pathogenic responses to 
expression exCGG RNA.  

Tet-inducible neural cell models will be used 
to elucidate the time course of pathogenic 
responses to expression of the exCGG RNA 
and the extent to which they are reversible, 
thereby guiding Projects 2 and 3 in the 
development of new therapeutic 
interventions. 

Specific Aims 



Aim 3: To evaluate the roles of astrocyte and 
neuronal dysfunction in the pathogenesis of 
FXTAS. 

Biochemical and pharmacological experiments 
will test our hypothesis, which predicts that loss 
of normal astrocyte function, possibly impairing 
glutamate uptake and/or alterations in neuronal 
glutamate signaling pathways, contribute subtle 
to severe changes in neuronal morphology and 
cell loss. These studies will provide mechanistic 
understanding of clinical interventions with 
memantine and lithium (Project 3). 

Specific Aims 



Specific Aims 
Boris Striepen, University of Georgia 
"Biology of the apicomplexan plastid" 

Specific Aim 1: Dissect the mechanism of apicoplast 
protein import. The bulk of the ~500 apicoplast proteins is 
nuclear encoded and post-translationally imported across 
four membranes. We (and others) have described three 
mechanistically distinct candidate protein translocons that 
reside in the three inner membranes of complex plastids. 
In the current funding period we will focus on a newly 
discovered mechanism that was derived from the ER-
associated degradation system (ERAD) of the algal 
endosymbiont. We will use conditional gene disruptions 
and complementation assays to establish the importance 
of individual components and to define the energy source 
of the translocation process. 



Specific Aims 
Boris Striepen, University of Georgia 
"Biology of the apicomplexan plastid" 

Specific Aim 2: Understand the function of the 
apicoplast ubiquitination pathway. The ER-localized 
ERAD pathway goes hand in hand with the 
ubiquitination and subsequent proteasomal 
degradation of translocated proteins. Our preliminary 
data indicates that aspects of this protein modification 
pathway are still present in the apicoplast. What is the 
enzymatic machinery involved in this process? What 
are its substrates? And most importantly, what is the 
molecular function of apicoplast ubiquitination? A 
combination of genetic and biochemical approaches 
will be used to answer these important questions. 



Specific Aims 
Boris Striepen, University of Georgia 
"Biology of the apicomplexan plastid" 

Specific Aim 3: Discover a comprehensive set of 
apicoplast proteins and characterize their function. Mining 
comparative and functional genomic information we have 
assembled an extensive list of proteins for which we 
hypothesize a role in apicoplast biology. We will establish the 
localization of their protein products for a comprehensive set of 
these candidate genes by epitope tagging. In the previous 
funding period we have found conditional null mutants to be 
highly informative to study apicoplast protein function and we 
have developed phenotypic assays to detect defects in 
apicoplast protein import, apicoplast division, and apicoplast 
metabolism. We will apply this genetic approach to a prioritized 
list of validated candidates. To increase the throughput of our 
analyses we will develop and test a new mutagenesis approach 
based on promoter replacement. 



Specific Aims: Adding Sub-Aims 
1. Correlate the production of each sar transcript with the 
production of functional SarA. The only recognized protein product of 
the sar locus is the SarA DNA-binding protein. However, Northern blot 
analysis reveals three sar transcripts (sarA, sarB and sarC), all of which 
include the entire sarA gene. Expression of each transcript is growth-
phase dependent. The functional significance of this differential 
regulation will be assessed by correlating the production of each 
transcript with the production and activity of SarA. 

A. The temporal production of SarA will be assessed by Western blot 
of S. aureus whole cell extracts with an affinity-purified anti-SarA 
antibody. 
B. The DNA-binding activity of SarA will be assessed by 
electrophoretic mobility shift assays (EMSA) using whole cell 
extracts and DNA fragments known to include SarA-binding sites 
(e.g. cis elements upstream of the agr P2 and P3 promoters). 
C. The function of SarA as a transcriptional activator will be 
assessed in vivo using transcriptional fusions between each of the 
agr promoters and a promoter-less xylE reporter gene. 



Specific Aims: Adding Sub-Aims 
Specific Aim 1A. Does the fMRI response at 
the trailing edge of a moving object reveal a 
deblurring mechanism? Based on pilot 
results, we hypothesize that parametrically 
correlating psychophysical data to fMRI 
responses will reveal the neural mechanism of 
deblurring in V1 and/or MT+ (Experiments D.
1B-D.1E, & D.1G). TMS will be used to 
stringently test whether the psychophysically 
measured modulations in perceived position are 
causally linked to the neural responses 
revealed in the fMRI studies (Experiment D.1H). 



Specific Aims: Adding Sub-Aims 
Specific Aim 1B. The precision of 
position coding in MT+: Some models of 
localization suggest that position and motion 
information are integrated in MT+. On the 
other hand, MT+ is thought to be only 
coarsely retinotopic. To reconcile these 
differing views, we will (1) test whether MT+ 
plays a key role in coding object position 
(not just motion) and (2) establish the spatial 
resolution at which MT+ is able to code 
position (Experiment D.1C). 



Specific Aims – what is wrong? 
Aim X. To use targeted gene replacement 

to create a BRCA1-/- knockout 
mouse. 

Aim X. To analyze gene expression 
profiles using microarray analysis in 
normal vs. cancerous prostate cells. 

Aim X. To overexpress several 
components of the telomere enzyme 
in S. cerevisiae and measure DNA 
repair efficiency at telomere ends. 



Specific Aims – what is wrong? 

Aim 1. Show that p53 is upregulated in a 
chronic inflammation mouse model. 

Aim 2. Demonstrate that downregulation of 
p53  
 using siRNA decreases inflammation. 

Aim 3. Characterize additional p53 binding 
targets due to upregulation in 
response to chronic inflammation. 



Diagram Specific Aims 



Diagram Specific Aims 

Figure 1. Research overview for the Bioengineering Research Partnership on lipid-membrane interactions. 



Diagram Specific Aims 

Ratner, AJ. R01 HD061371-01, "Gardnerella vagina/is: 
toxin production and pathogenesis” 



Look at Funded Specific Aims 

Look at http://funding.niaid.nih.gov/researchfunding/grant/pages/appsamples.aspx 
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How to develop and write an 

NIH grant

Rita Balice-Gordon, Ph.D.

Professor

Dept. of Neuroscience

How to become funded

• Idea

• Commitment

• Grant writing skills



2

Idea:  how to develop one
• Be knowledgable

– Extensively read existing literature 

– Where is the current cutting edge of knowledge?

• Be thoughtful
– Devote time to “just” thinking

– Think in question format:  formally write out every question you’d like to ask that’s 
even remotely related to your project

– Think in experiment format:  formally write out every possible experiment you 
should do or you dream about doing – with no consideration of money, expertise 
or equpiment

– Think in hypothesis format:  formally write out all of the hypotheses related to 
your project

• Be creative
– Borrow tools and approaches from other fields

– Combine these in new and compelling ways

• Be open to feedback and criticism
– Share your ideas with colleagues before you start writing

– Learn to accept criticism – it’s not personal

Commitment

• Passion

• Attitude
– I can’t � - I can and I will

– I don’t have time � - I will reorder my priorities

– There’s too much competition        � - I welcome the chance to 
compete

– It’s good as it is now � - It can always be better

– I’ll submit now and “get in line” � - I won’t submit until it’s the very best 
grant I can write 

• Time
– Lead time – how much time do you think it takes to prepare a 25 

page grant submission?

– Quality time
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Grant writing skills

• There’s one and only one key point

– You have to sell your ideas to reviewers

– You have to make the Reviewer your 

advocate in the Study Section (more on that 

later)

• How?

How to sell your ideas to the 

Reviewer
A successful salesperson

– Has something special to offer (significance and importance of 
work to the field)

– Makes a good first impression (Specific Aims Page)

– Is well prepared and knowledgable (B+S section)

– Has appropriate credentials (BioSketch)

– Provides supporting documentation (Preliminary data; published 
papers)

– Delivers a clear message than can be understood by a 
knowledgable person without specialized background (Research 
plan)

– Has appropriate endorsements (Letters of Collaboration from 
colleagues)

– Is persistent!!!
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Abstract
• A concise summary of the question/hypothesis, aims and their 

SIGNIFICANCE

• Text boxes taken from Dr. Erfei Bi, Associate Professor, Dept. of 

Cell Biology and Development, Univ. Penn SOM

Specific Aims section

• The single most important section in the grant

– It’s the master plan for the rest of the proposal

– You engage or lose the Reviewer on this page

• It’s the most difficult section to write

– The logic of each aim must be compelling

– The answers must be important to the field

• Write Aims that you are excited about! 
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Specific Aims section

• Whenever possible – test a hypothesis in the specific 
aim title
– You want the Reviewer to know that your work is hypothesis 

driven

– Don’t make the Reviewer work to figure out what the hypothesis 
is

• The goal of the aim should be to understand mechanism 
– even if the experiments are largely descriptive

• 3 – 4 Specific Aims for a 4 to 5 year grant – each aim is 
a paper, or is a significant part of a paper

• The Specific Aims should be detailed but far reaching –
the Aims should not be a list of experiments

Specific Aims - Examples

Okay:

Specific Aim 1:  To test the hypothesis that 

neurons in the GluR1 knockout mouse will have 

delayed dendritic maturation.

Better:

Specific Aim 1:  To test the hypothesis that GluR1 

signaling is necessary for dendritic maturation.

(or is sufficient).



6

Specific Aims:  Dos

• Write your Aims early – some may fall apart as 

you design a plan to test them or discuss them 

with colleagues

• Try to limit this section to one page – it’s a 

roadmap to the rest of the proposal and it must 

include the logic behind your aims. 

• Don’t assume your Reviewer is an expert in your 

particular area – so write Aims for a non-expert 

compared to the rest of the proposal
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Specific Aims:  Don’ts

• Don’t state a hypothesis that you cannot actually test 
with the experiments you are proposing

• Avoid using phrases like:  To correlateH  To describeH 
To develop; these help get your grant pegged as “too 
descriptive”

• Avoid wishy-washy, passive tense, or flowery language –
instead write your aims in active form with strong 
meaningful verbs

• Don’t write aims that can be viewed as “a fishing 
expedition” – microarray experiments, expression 
cloning, etc.

Background and Significance

• Background

– Should lead the reader to each question or 

hypothesis that you’re testing in each aim

• Significance

– State this explicitly 

– This section must explain why the Study Section 

should fund your proposal rather than the next one 

– What is the “value added” to your field if you’re able to 

do the work?
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Preliminary Studies

• In order of Specific Aims

• You don’t have to know the outcome of each 

experiment before the grant is submitted

• You DO have to:

– Show that you can perform all of the necessary 

techniques and methods (Letters of Collaboration)

– You are committed to this area of research and are off 

and running

– New techniques are feasible, reliable and yield 

interpretable data
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Experimental Plan

• Specific Aims are fleshed out with the 

actual experimental approach

– Rationale (1 paragraph) -- logic

– Experiments – how

• CONTROLS (positive and negative)

– Analysis and Interpretation – what will results 

mean?

– Pitfalls and Alternative Approaches

– Detailed Methods



10

Other grant parts

E. Human Subjects 

F. Vertebrate Animals

G. Literature Cited

H. Consortium/Contractual Arrangements

I.  Consultants
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You have a draftHnow what?

• Rewrite.
– Read each sentence ALOUD.  Can it be made simpler?  Less 

wordy?  More compelling? 

– The only good writing is REWRITING.

• Get feedback from other scientists – in and somewhat 
tangential to your field
– Timing

– Accepting criticism

– “Pay it forward” principle

• Repeat above.

Other Important Issues

• Page requirements

• Font size and line spacing

• SPACING OF TEXT SECTIONS

• Embed figures into the text.  Include a brief, 
clear legend.

• Figure must be absolutely clear/visible to the 
Reviewer – include color pages and mark these 
copies as “Color Figures for Reviewer.”

• Learn how to use MS Word

• Spelling and grammar – ZERO TOLERANCE for 
sloppy mistakes.  
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Responding to the Reviews
• Read the reviews.

• Get over your disappointment and anger.

• Don’t take it personally.

• Respect the Reviewers, their Reviews, and the process.  

• Take them seriously – often they are right.

• Make a list of the major and minor issues and respond first to the 
major ones.

• Directly respond to the criticisms with positive responses.  If the 
Reviewer misunderstood and is thus wrong -- it’s your fault, not 
theirs! 

• So, show them why, using facts, logic, additional explanation, 
references, etc.

• Do not NOT address one of the issues, even the most minor one, 
that is raised by a Reviewer – especially if more than one Reviewer 
mentions it.

• Don’t send the same grant back.  You must show progress, 
evolution of your thinking, etc.  

• Don’t include anything so far out that can raise new questions if your 
score is close.
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NIH’s new electronic grant 

application process
Date: Tue, 13 Dec 2005 17:00:00 -0500 
Reply-To: PennERA@POBOX.UPENN.EDU 
Sender: PennERA Proposal Tracking Investigators <ERA_PT_INVESTIGATORS@LISTS.UPENN.EDU> 
From: PennERA@POBOX.UPENN.EDU 
Subject: NIH/Grants.gov Webcast Update 
To: ERA_PT_INVESTIGATORS@LISTS.UPENN.EDU 
X-Spam-Checker-Version: SpamAssassin 3.0.0 (2004-09-13) on pobox.upenn.edu 
X-Spam-Status: No, score=-10.6 required=5.0 tests=ALL_TRUSTED,HTML_30_40, 

HTML_MESSAGE,MIME_HTML_ONLY,NO_REAL_NAME autolearn=disabled 
version=3.0.0 

X-Spam-Level: 

TITLE: NIH's New Electronic Grant Application Process and the SF424 (R&R) 

PURPOSE: By May 2007 all research grant applications for NIH will have to be submitted electronically through 
Grants.gov using the SF424 Research & Related (R&R) form set. This training session, geared toward the 
applicant community, will provide an overview of NIH's transition plans, the submission process and the new form 
set. A question and answer session will follow the formal presentations. 

WHEN & WHERE: 2 Sessions Available DUNLOP AUDITORIUM, ground floor, Stemmler Hall 

Wednesday, January 11, 2006, 8:30 AM to 12:00 PM EST

Wednesday, January 11, 2006, 12:30 PM to 4:00 PM EST

Both the morning and afternoon sessions will also be available for remote viewing via VideoCast, NIH's 
streaming video service. For more information OR to register to view this program on your desktop:

http://era.nih.gov/training/ElectronicSubmission/

IF YOU ARE PLANNING TO VIEW THE WEBCAST IN DUNLOP AUDITORIUM, IT IS NOT NECESSARY TO 
REGISTER.

On line resources for grant writing

• Visit the Advance faculty professional development web 
site at www.med.upenn.edu/fapd/advance and view the 
following materials on the research page:
– All About Grants tutorial on developing R01 grant applications

produced by the NIAID at the NIH 
http://www.niaid.nih.gov/ncn/grants/default.htm

CHECKLIST – very helpful

– Common Pitfalls of Grant Preparation
PowerPoint with synchronized voice by Dr. Ann Kennedy, 
Professor of Research Oncology at Penn School of Medicine

• Some information taken from “Grantsmanship workshop:  
how to develop a fundable research proposal,” T. Bray, 
Ph.D., Dean, Oregon State Univ. College of Health and 
Human Sciences



 
Posted May 22, 2007. The text of this research plan is copyrighted. See more samples here: 
http://www.niaid.nih.gov/ncn/grant/app/default.htm

 
SPECIFIC AIMS 
 
Staphylococcus aureus is a well-armed opportunistic pathogen that 
produces a diverse array of virulence factors and causes a 
correspondingly diverse array of infections. The pathogenesis of S. 
aureus infections depends on the coordinately-regulated expression of 
two groups of virulence factors, one of which (surface proteins) allows 
the bacterium to evade phagocytes and colonize host tissues while the 
other (extracellular toxins and enzymes) promotes survival and 
multiplication at a localized site of infection. Our long term goal is to 
elucidate the regulatory mechanisms controlling expression of these 
virulence factors as a prerequisite to the development of therapeutic 
protocols that can be used to attenuate the disease process. The 
specific hypothesis behind the proposed research is that the 
staphylococcal accessory regulator (sar) is a major regulatory 
switch controlling expression of S. aureus virulence factors. That 
hypothesis is based on the following observations. First, sar encodes a 
DNA-binding protein (SarA) required for expression of the agr-encoded 
RNAIII regulatory molecule (27). The SarA-dependency of RNAIII 
expression is important because RNAIII modulates expression of many 
S. aureus virulence factors (29). Second, phenotypic comparison of sar 
and agr mutants indicates that sar also regulates expression of certain 
S. aureus genes in an  agr-independent manner (11, 21). An example of 
particular relevance to this proposal is the S. aureus collagen adhesin 
gene (cna). Third, mutation of sar results in reduced virulence in animal 
models of staphylococcal disease (8, 10, 28). Moreover, as anticipated 
based on the preceding discussion, sar/agr double mutants have 
reduced virulence even by comparison to agr mutants (8, 24). Based on 
these observations, the experimental focus of this proposal is on 
the sar regulatory locus. The specific aims are designed to provide a 
comprehensive assessment of the agr-independent regulatory functions 
of sar: 
 
1.  Correlate the production of each sar transcript with the 
production of functional SarA. The only recognized protein product of 
the sar locus is the SarA DNA-binding protein. However, Northern blot 
analysis reveals three sar transcripts (sarA, sarB and sarC), all of which 
include the entire sarA gene. Expression of each transcript is growth-
phase dependent. The functional significance of this differential 
regulation will be assessed by correlating the production of each 
transcript with the production and activity of SarA. 
A. The temporal production of SarA will be assessed by Western blot of 

S. aureus whole cell extracts with an affinity-purified anti-SarA 
antibody. 
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B. The DNA-binding activity of SarA will be assessed by 
electrophoretic mobility shift assays (EMSA) using whole cell 
extracts and DNA fragments known to include SarA-binding sites 
(e.g. cis elements upstream of the agr P2 and P3 promoters). 

Lists give guideposts to 
reviewers; indents and 
bold add readability. C. The function of SarA as a transcriptional activator will be 

assessed in vivo using transcriptional fusions between each of 
the agr promoters and a promoter-less xylE reporter gene. 

 
2. Characterize the mechanism of sar-mediated regulation of the S. aureus collagen 
adhesin gene (cna). We have established that sar is the primary regulatory element controlling 
cna transcription and that this effect involves a direct interaction between SarA and cis elements 
upstream of cna. However, unlike SarA binding to the agr promoter region, SarA binding 
represses cna transcription. We will correlate the production of each sar transcript with the 
production of SarA and with the regulation of cna  transcription. We will also define the cis 
elements upstream of cna that constitute the SarA DNA-binding target. 

A. Complementation of the cna  transcriptional defect will be done by introducing 
plasmids encoding the sarA, sarB or sarC transcripts into a cna-positive sar mutant. 
Once the SarA-binding site upstream of cna has been defined (see below), the 
complementation studies will be correlated with SarA binding to cis elements upstream 
of cna. 
B. The SarA DNA-binding site(s) upstream of cna will be localized by EMSA using 
purified SarA. The specific binding site(s) will be identified by DNA footprinting and 
characterized by EMSA using cna sequence variants and purified SarA. 
C. The in vivo significance of SarA binding will be assessed using transcriptional fusions 
between sequence variants of the cis elements upstream of cna and a promoter-less 
xylE reporter gene. 

 
3.  Identifify S. aureus virulence factor genes under the direct control of SarA. The scope 
of SarA as a regulatory protein is not well-defined because the identification of SarA targets has 
been restricted by the availability of gene probes and/or appropriate phenotypic assays. Our 
successful purification of SarA in a form capable of binding appropriate DNA targets (e.g. cis 
elements upstream of agr and cna) will allow us to define the DNA determinants required for 
SarA binding using a functional selection. We will then identify SarA binding sites within the S. 
aureus genome and evaluate SarA regulation of the genes cis to these binding sites. 

A. PCR-assisted binding site selection will be used to functionally select DNAs with SarA 
binding sites from a random pool of synthetic DNA fragments. The consensus binding 
site will be determined by computer-assisted alignment of functionally selected DNAs. 
B. The consensus sequence for a SarA-binding site will be used in homology searches 
of existing S. aureus genomic databases. The search will be extended to include the 
entire S. aureus genome as it becomes available. 
C. SarA regulatory control of the genes cis to putative SarA-binding sites will be tested 
by Northern blot analysis of wild-type strains and their corresponding sar mutants. 
 

S. aureus is among the most persistent of all human pathogens. The continued emergence of 
antibiotic-resistant strains emphasizes the need to identify new therapeutic targets for the 
treatment of S. aureus infections. We believe the sar regulatory locus may be an appropriate 
target in that disruption of sar-mediated regulation has the potential to attenuate the bacterium 
to the point that it is more susceptible to clearance either by the normal host defense systems or 
existing antimicrobial agents. Accomplishing the specific aims outlined in this proposal will 
provide the foundation required to assess that possibility by establishing the correlation between 
sar transcription and SarA production and activity (Specific Aim #1), elucidating the mechanism 

 



 

by which sar controls expression of a specific target gene  (cna) (Specific Aim #2) and 
identifying additional SarA targets within the S. aureus genome (Specific Aim #3). 
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