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Part-2, Finding a New idea and Specific Aims



Define the line of research you will pursue

Example-1
Field of Research: e.g., Pathogenesis of atherosclerosis

Long-term Goal: e.g., To determine the mechanisms
by which monocytes infiltrating atherosclerosis lesion

Short term-Goal (objective): e.g., To determine the role of VCAM-1 
in recruitment of monocytes to atherosclerosis lesions.

Example-2
Field of Research: e.g., Intracellular trafficking of biological materials in endothelial cells

Long-term Goal: e.g., To determine the role of actin cytoskeleton in endocytosis and 
intracellular trafficking of biological materials in endothelial cells.

Short term-Goal (objective): e.g., To determine the role of myosin light chain phosphorylation 
and statins in endocytosis and intracellular trafficking of biological materials in endothelial cells.

How to Form a Novel Idea for Research-1



Two types of research proposals

1-Hypothesis-driven proposal:
(Base on preliminary data)

2-Need-driven proposal:
(Base on an urgent need)

Avoid  “look and see”  or fishing expedition
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Five factors for reviewing your proposal: 

1-Significance 

2-Innovation

3-Approach 

4-Investigator

5-Environment

They are there to get you not
to fund you
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If you are looking  for a subject for your
first project (for your Ph.D thesis) your
supervisor usually has some ideas based
on his work.

If you already started a project then the 
best  way to find a good idea is through
speculation base on your preliminary data.
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First step is a comprehensive
literature review

Regularly study the new publications and check
pubmed

Know the scientist that publish in your field and track
their publications
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Constantly make new hypothesis
based on your new findings

Attend seminars and conferences

Talk with other scientists and ask for
their comments about your idea.
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Three helpful tips in grant writing:

Outlining is key to writing a powerful proposal.

Divide each each section or each paragraph into

smaller parts and work on each part separately

then link the parts.

Do it step by step, first write the outlines then 

comeback to first part add more and repeat this for 
several times.
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Writing of a NIH major grants takes 6-8 months. Not 48 h

Have at least two colleagues review your proposal before 
submission.

Submission starts one months before the deadline with the 
university paperwork.

First you have to prepare some preliminary data and then 
build up the rest of proposal on that.
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Where you want to submit your proposal

1-NIH, R01, R21, K series, P series

2-NGO (AHA, ADA), Similar to NIH format

3-Pharmaceutical companies
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Part-1 Specific Aims

Part-2 Background and Significance

Part-3 Preliminary Results

Part-4 Research Design and Methods
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Purpose: The purpose of the research plan is to describe the what, 
why, and how of the proposal. 

The what will be Part 1: Specific Aims 

The why, Part 2: Background and Significance 

The how, Part 3: Preliminary Results contributes to both the why and 

how. Part 4: Research Design and Methods. 
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Specific Aims and significance

Research Design and Methods

Research Plan-8

Preliminary data

Background



Specific Aims-1

The most important part, the template and master plan for the rest of your 

research plan.

Purpose: The purpose of the specific aims is to describe concisely and 

realistically what the proposed research is intended to accomplish. 

Generally, the Specific Aims section should begin with a brief narrative 

describing the long-term goals of the project and the hypothesis guiding 

the research. This is followed by a numbered list of the Aims. 



Specific aims section has four paragraphs:

Introductory

What, Why, Who 

Specific Aims

Payoff 

Specific Aims-2



Specific Aims-3

Opening Sentence
Begin with a sentence that immediately establishes the relevance of
your proposal to human health.

Current knowledge
Briefly explains what we know about 
the topic.

Gap in the knowledge
Explains what is missing and holding 
back your field. You will address  this gap with your proposal.

The gap as a problem
Explains why this gap in knowledge is important.

Introductory paragraph



Specific Aims-4

What, Why, Who 

Long-Term Goal
Projects the continuum of research you will pursue over the course of multiple 
periods grant support (40 years grant)

Objective of This Proposal
Defines the purpose of your grant application, what it seeks to accomplish

Central Hypothesis and How Formulated
Best bet as to how to accomplish your objective,  with testing your hypothesis 
you accomplish your objective, how you formulated your central hypothesis
(preliminary data).

Rationale and Well-Prepared
Explains why you want to undertake the proposed research and why you, not 
others.



Broad and open-ended , Related but not dependent

2-4 specific aims 
No citation in this part

Why do I want to do this part of research and not what will be done

Working hypothesis:
For each specific aim,  narrowing the focus to a specific
entity

Focus on aims where you have good supporting preliminary
data and scientific expertise
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Specific Aims-6

Payoff Paragraph

Expected Outcomes: 
The expected outcomes of the research 

Positive Impact:
The general impact of the expected outcomes
how you are going to pay off your loan



Specific Aims-7

Long-term Goal: To determine the mechanisms by which monocytes 

infiltrating atherosclerosis lesion.

Gap in the Knowledge: The role of VCAM-1 in formation of atherosclerosis 

lesion is unknown.

Objective: To determine the role of VCAM-1 in formation of atherosclerosis 

lesion.

Central Hypothesis: Expression of VCAM-1 on endothelial cells is critical for 

formation of atherosclerosis lesion. 

Example-1



Specific Aims-8

Specific aims:

1-To identify the role VCAM-1 in recruitment of monocytes to
atherosclerotic lesion.

Working hypothesis: Based on our preliminary studies the working 
hypothesis is that expression of VCAM-1 on endothelial cells is critical for
formation of atherosclerotic lesion.

2-To determine the role conventional risk factors of atherosclerosis in 
modulating the expression of VCAM-1 on endothelial cells.

Working hypothesis: We postulate again on the basis of our 
preliminary studies that hypercholesterolemia, hypertension and diabetes 
Increases the expression VCAM-1 on endothelial cells.

3-To determine the role of integrins on the adhesive function of VCAM-1
and recruitment of monocytes to atherosclerosis lesions.

Working hypothesis: Based on our preliminary studies expression of 
Integrins on monocytes increases affinity of VCAM-1 for its ligand on monocytes.

Example-1



Long-term Goal:
To determine the role of and actin cytoskeleton in endocytosis and intracellular 
trafficking of biological materials.

Gap in the Knowledge: 
The role of myosin light chain phosphorylation in endocytosis and intracellular 
trafficking of biological materials in endothelial cells and the modulating effect of 
statin has not been determined. 

Objective:
To determine the role of myosin light chain phosphorylation and statins in  
endocytosis and intracellular trafficking of biological materials in endothelial 
cells.

Central Hypothesis: 
Myosin light chain phosphorylation is critical for intracellular trafficking of 
biological materials into endothelial cells and statins inhibit the process.

Specific Aims-9
Example-2



Specific Aims-10

Specific aims:

Specific aim # 1
To determine the effects of myosin light chain phoshorylation and statins in 

endocytosis and intracellular trafficking of influenza virus in endothelial 

cells.

Working hypothesis: Myosin light chain phosphorylation is critical for 

endocytosis and intracellular trafficking of influenza virus and statins inhibit 

influenza intracellular trafficking.

Specific aim # 2
To determine the mechanisms by which statins modulate intracellular 
biochemical pathways involved in MLC phosphorylation and thereby  
intracellular trafficking of viruses.

Working hypothesis: Statins inhibit actin cytoskeleton by inhibiting
myosin light chain phosphorylation through blocking of RhoA , PKC and ERK
signaling cascades. 

Example-2



Specific aim # 3
To determine the effect of MLC phosphorylation and statins in permeability 
of endothelial cells to the biological particles that enter the cells by 
endocytosis.

Working hypothesis: MLC phosphorylation is critical for shear-stress 
and cytokine-induced increase in endothelial cells permeability.

Expected outcomes: Statins inhibit  actin cytoskeleton by inhibiting myosin 
light chain phosphorylation and thereby intracellular trafficking of viruses and 
permeability of endothelial cells.

Specific Aims-11
Example-2



GAP

OBJECTIVE

CENTRAL HYPOTHESIS 

SPECIFIC AIMS

EXPECTED OUTCOMES

Specific Aims-11

Flow of Logic 
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Background and significance-1

Significance-1

The most important paragraph of the application

It is a brief paragraph(half a page) that explains what makes 
research significant.

How do you justify your proposal, what good comes out of it.

Unlike the specific aims section here you begin to cite the 
relevant references.

Cite references using author/year (e.g. Young, 1998)



Background and significance-2

Significance-2
3 parts

Part-1 a- there is a gap in knowledge b- its continued existence
is an important problem and c- the contribution that you expect
to make with the proposed research.

Opening sentence: Human health relevance of
the problem you have chosen to address.

Explains the gap in knowledge and the problem
it causes.

What your contribution is expected to be



Background and significance-3

Significance-3

Part-2 
Explains why your contribution will be important for science. 
In almost all cases, a vertical step in the field will become possible 
as a result of the contribution.

PART-3
Presents the benefits that results from the vertical advance in the 
field that you expect to make.
What benefits to human health, how will it enable subsequent 
research.



Background and significance-5

Background-1

Briefly sketches the background leading to the present application

Critically evaluate the existing knowledge

Identify the gaps that the project is intend to fill

Title the section Review of Relevant Literature

Selective review that justifies the need for the proposed research



Background and significance-6

Background-2

Write it after you have written the Research Design and Methods 
section. 

Substantiate all you have mentioned in specific aims paragraph
(with no citation).

In the first paragraph, summarize the most important older 
accomplishments (brief historical overview) and follow it by the most
recent contribution in the next paragraph.

The next paragraph should begin identification of the gap in the 
knowledge and why the gap is an important problem.



Background and significance-7

Background-3

In the next paragraph present the central hypothesis and
show support for how it was formulated. You do so because 

with testing central hypothesis you fill the gap in the knowledge.
Explain why you selected this particular hypothesis over the alternatives

At the conclusion of this subsection there should be a final 
sentence that bridges to your preliminary studies section that
comes after. You do so to support your central hypothesis with the results

that you have obtained.



Preliminary studies section-1

An essential part of a research grant application

The money comes from other sources of funding
(R03 grant or local grants)

Helps to establish the experience 
and competence of the investigator

Helps to formulate the central 
hypothesis for hypothesis-driven
proposal

Helps the reviewers in assessing the
likelihood of success of the project



Preliminary studies section-2

Essential for each specific aim and working hypothesis

Write it after the Research design and Methods section

Present only the results from your team not others

Start with some published data from yourself or your team

Next present your unpublished data



Preliminary studies section-3

This section starts with a text, which explain the findings
and ends with the figures and figure legends.

Begin with an overview of what is the focus of your laboratory 
and then connect it with your current proposal.

Present your data around your specific aims, one by one

Each figure should be design to make a point

Each figure should be accompanied by a paragraph that discuss it
and leads to a conclusion.



Each figure should have a detailed figure legend that 
contains a title, description of the findings and a brief 
method section.

Explain how you came up with your conclusion from the 
figures e.g., as shown in figure-2 the  size of treated cells 
are larger than the control cells.

How much preliminary data is enough?

Preliminary studies section-4
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Research Design and Methods-1

Provides a detailed description of what will be done for
each specific aim.

Requires to answer the following question for each aims.

1-What will be done?

2-What are the means that will be
used to accomplish the aim?

3-What might go wrong?

4-What alternative strategies will be
used if something go wrong?

5-What results are expected and why they are important?



Research Design and Methods-2

Use the following format for writing this section for each specific  aim

Specific Aim # 1: Title

1.1                 Introduction (Rationale)
1.2                 Experimental Design:

1.2.1         Study #1 (write a title)
1.2.2         Study #2 (write a title)  
1.2.3          etc

1.3                  Expected Outcome and interpretation
1.4                  Potential problems and alternative approaches

Specific Aim # 1: Title
2.1                  Introduction                            



Research Design and Methods-3

Introduction paragraph: Explains why you proposed to 
do the suggested studies.

Write the objective of your proposal and restate your 
working hypothesis.

Explain how you came up with the working hypothesis.

Refer to your preliminary studies that formulated your 
working hypothesis or refer to  studies by others to justify
your approaches over the others.



Specific aim # 1
To determine the effects of myosin light chain phoshorylation and statins in 

endocytosis and intracellular trafficking of influenza virus in endothelial cells.

Working hypothesis: Myosin light chain phosphorylation is critical for 

endocytosis and intracellular trafficking of influenza virus and statins inhibit influenza 

intracellular trafficking.

Study 1.2.1: To determine the effects of inhibition or increase of myosin light chain 

phosphorylation in endocytosis and intracellular trafficking of influenza virus in 

endothelial cells.

Study 1.2.1 a: To determine the effect of inhibition of MLC phosphorylation

on endocytosis of influenza virus(chemical inhibition and genetic manipulation). 

Study 1.2.1 a-1:Inhibition of Rho A, PKC-, Ras, Raf, ERK by adnovirus

dominant negative mutants

Study 1.2.1 a-2:Inhibition of  Rho A, PKC-, Ras, Raf, ERK chemical 

inhibitors 

Study 1.2.1 b :To determine the effect of increase in MLC phosphorylation on 

endocytosis of  influenza virus.

Research Design and Methods-4
Example-1



Study 1.2.2: To determine the effects of influenza virus 

infection and statins on myosin light chain phosphorylation 

and actin cytoskeleton.

Study 1.2.2 a:To determine the effect of influenza infection on MLC 

phosphorylation

Study 1.2.2 b:To determine the effect of statins on MLC phosphorylation.

Study 1.2.2 c:To determine the effects of influenza infection and statins in

polymerization of actin and assembly of myosin.

Study 1.2.3: To determine the biochemical pathways that 

mediate the effect of infection on phosphorylation of myosin 

light chain and the effects of statins on these pathways.
Study 1.2.3 a: To determine influenza the effects of infection and statins on Rho 

GTPase/Rho kinase signaling cascade.

Study 1.2.3 b: To determine the effects of influenza infection and statins on 

Ras/Raf/Mek/ERK signaling cascade.

Study 1.2.3 c: To determine the effects of influenza infection and statins on 

Protein Kinase C signaling cascade.

Research Design and Methods-5



Research Design and Methods-6

Experimental design

In this subsection you will present and discuss the activities that will be undertaken
to accomplish the objective of specific aim #1

You first start with validating your approach

Then you explain the detail of each experiment  

Provide the following information for the experiment;

Methods 
Essential reagents needed
Critical equipment required 
Number of animals and how these numbers were derived
Controls 
Replicate that will be needed



Detailed expectation for each study

How results will be interpreted

Time required to complete the studies

Avoid detail like how many milliliters of this are added  to that

In the next paragraph state the overall expected outcomes for 
aim # 1 by putting together the detailed expectation for each 
part of study.

Say something like this, the proposed studies in specific aim # 
1 will determine the mechanism of….. and help us to attain 
the objective of this aim

Research Design and Methods-7



Prepare a paragraph for Potential problems and Alternative Approaches.
The goal is to anticipate and then eliminate the justified concerns of the reviewers.

You should answer to this questions:

1-What would you do if your working hypothesis prove to be invalid?

2-what are the possible problems and how you overcome them?
e.g., Will you have the critical knock out mice or reagents

Research Design and Methods-8



The alternative strategies will still allow you to reach the objective of 
your goal despite the invalidity of your working hypothesis.

In your solution for problems or alternative studies use conditional 
verbs.

Although our preliminary data and what is extant in the literature 
strongly support our working hypothesis will test valid, there is a remote 
possibility that it will not. In that unlikely event, we would turn to……

Research Design and Methods-9



Research Design and Methods-10

Try to establish some collaborations
for your proposal

1-You are not a superman

2-Reviewers give you credit for that

3-Gives you a new way to look at 
your research

4-The best person to review your proposal
before submission



Research Design and Methods-11

Timetable

Year            0                     1                     2            3                     4             

Aim # 1: Source of superoxide

1.1

1.2
Superoxide and macrophage

accumulation
2.1

3.1

3.2

Year            0                     1                     2            3                     4             

1.1

1.2

Aim # 2: 

2.1
2.2

Aim # 3:Role of Rac-1

3.2

Year            0                     1                     2            3                     4             

Aim # 1: Source of superoxide

1.1

1.2
Superoxide and macrophage

accumulation
2.1

3.1

3.2

Year            0                     1                     2            3                     4             

1.1

1.2

Aim # 2: 

2.1
2.2

Aim # 3:Role of Rac-1

3.2



Research Design and Methods-12

Future direction paragraph

Tells the reviewers what they can expect in the future if they fund your 
proposal.

You should show them that you are pursuing a continuum of research that
leads to prevention, diagnosis or treatment of diseases.

You should state that the results of this research will be a step toward your 
long-term goal.

Suggest a few subjects of relevant studies that are in line with your long-term 
goal.



What are the components of a good experiment

Designed to answer a specific question from your 
working hypothesis

Singularity - it tests only one variable in the situation. 
Contains enough controls to count for confounding
Factors; Vehicles,  serum, vector,  reagents, temperature

ph, think of Avesina

Reproducibility, it can be re-done by other scientists to 
verify the results 

Read out of experiment: Objective vs Subjective (Personal consideration)



What should you do for testing the effect of a drug or
a chemical on a biological system-1

1-Find out how to dissolve it (DMSO, Water)

2-Check the Ph after reconstitution 

3-Check how to store the drug and
expiration date

4-Check  the drug toxicity for each 
type of cells

a-Morphological changes

b-Trypan blue dye exclusion method

c-LDH, MTT, apoptosis tests       



What should you do for testing the effect of a drug or
a chemical on a biological system-2

5-Check the best time for pre-exposure of cells to the drug
(Statin 48 h, other inhibitors 2h)

6-Check the best time after exposure for the effects
(It can be as short as 5 minutes or as long as 48 h)

7-Different cells may need different lysis buffer to rapture the cells 
(Freeze and thaw, sonication, syringe)

8-You need to protect the samples from degradation

RNA always in -80

Protein in protease inhibitor

Prevent protein de phosphorylation by Sodium Orthovanadat



What should you do for testing the effect of a drug or
a chemical on a biological system-3.

9-If you work with cells always check the cells for contamination
by mycoplasma (25% of labs are contaminated), Check their growth rate 
and morphology or run a mycoplasma PCR test.

10-Check age of the cells and their confluency

11-To check if any effect is real do a dose-response Exp

12-Do not jump into conclusion with a single
experiment, 

At least repeat each experiment 3-4 times and If the results are consistent 
and you had enough controls then you can jump but just a little bit. 



13-Check if your assumptions are correct.

For deletion or over-expression of a gene by si RNA, 
plasmid or adenovirus.

Check the m RNA expression by RT-PCR

Check protein expression by Western blot or          
immunohistochemistry

Check protein activity or function (e.g.,kinase assay)

Check for specificity of chemical inhibitors or
Activators you use.

Check your equipments regularly.

What should you do for testing the effect of a 
drug or  a chemical on a biological system-4



14- A good experiment has more controls than test

A positive control to show the system is working
(a known activator)

A negative control to show the system is working
(A known inhibitor)

A control for your vehicle or dissolvent

A control for primary antibody for Western blot or
immunoflourecence techniques

A null control for plasmid transfection or adenovirus 
transduction

A GFP plasmid or GFP adenovirus for transfection or 
transduction rate

What should you do for testing the effect of a 
drug or  a chemical on a biological system-5



To test a hypothesis use different approaches and see if all   
confirm your hypothesis.
Example;
Working hypothesis: The effect of statins on influenza virus proliferation
is due to inhibition of myosin light chain phosphorylation.

Preliminary data; Statins inhibits myosin light chain phosphorylation

Study-1 Inhibition of myosin light chain phosphorylation by a 
chemical inhibitor or by a gene deletion lead to inhibition of

influenza proliferation. 

Study-2 Increase in myosin light chain phosphorylation by a
chemical activator or over-expression of a gene enhances 
influenza proliferation.

Study-3 Increase in myosin light chain phosphorylation by a
chemical activator or over-expression of a gene reverses the
inhibitory effect of statin on influenza proliferation.



which one? In vivo or in vitro approaches

In vitro experiments are less expensive 
and you can control the experiment easier.

Animal models are expensive to reproduce 
or keep, hard to manipulate.

It is very hard to deal with the
animal welfare committee

However, in vitro experiment are never enough because 
cannot simulate the human or animal body condition. 

Are our findings in animal models extendable to human?



If you are doing in vivo experiments

1-Check if the mice are healthy
(infection is very common)

2-Use an appropriate control 
as placebo or mock or sham

3-How many animals are enough?

4-Include the appropriate controls 
as the in in vitro studies

In vivo experiments



Primary and cell lines comparison

Primary cell line are hard to prepare,
hard to keep, slow to grow.

Cell line stay for a long time and grow 
very fast and easy to take care of.

However, cell line are mostly cancerous, so cell 
genetic and metabolism are different from
normal cells



Title of proposal

The storefront and the first impression
make it shine

Informative, eye catching and  and concise 
(less than 81 character for NIH)

Your title should emphasize the payoff-
the product of the research not the process that
will yield the product.

Objective and expected outcomes in the significant  
section are the best source for title



Abstract

Project Budget

Human and Animals

References

Letters from collaborators

CVs

What next?
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