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Exercise

Research Strategy examples:

» Did you like one better than the other?

» List 3 strategies that worked well

» List 3 aspects that did not work well




Lecture Question Set/Assignment

Provide an outline for the Approach section of a grant...
— Take into consideration the NIH requirements for rigor and reproducibility.
— Include the major headings that would go under Approach, plus one level

of subheadings.

2. List three types of information that might be appropriate and/or
necessary to include under “Rigor of proposed research” in the
Approach section.

3. Provide an outline of subsections for the Significance
section...

— Take into consideration the NIH requirements for rigor and reproducibility.

— Include the major headings that would go under Significance and, if
applicable, one additional level of subheading

Rigor and Reproducibility in NIH Grants

NIH Instructions
Fellowship Research Strategy
Rigor and Reproducibility

Addressing
Rigor & Reproducibility

—— Wording for Other
Sections

Examples of what NIH Likes




NIH definition of Scientific Rigor (2018)...

* the strict application of the scientific method
 to ensure unbiased and well-controlled

— experimental design
— methodology
. |@Natlonal Institutes of Health | Grants & Funding Frest - ‘w
— analysis “ e R
b interpreta tion and $nhancing Reproducibility through Rigor and Related Links
ransparency
— reporting

» of results

https://grants.nih.qov/policy/reproducibility/index.htm
Posted 11/27/18

NIH Example of funding agency expectations

NIH Individual Predoctoral Kirchstein NRSA Fellowships

Research Training Plan:
1) Specific Aims page, no > 1 page (include 2—4 aims)
2) Research Strategy, no > 6 pages

a. Significance

b. Approach

SF424 (R&R) APPLICA
FELLOWSHIP INSTRUCTIONS FOR NIH AND OTMER PHS AGENCIES
Forms Fw



https://grants.nih.gov/policy/reproducibility/index.htm

m) Example of funding agency expectations

NIH Individual Predoctoral Kirchstein NRSA Fellowships

Research Training Plan:

1)

Specific Aims page, no > 1 page (include 2—4 aims)

2) Research Strategy, no > 6 pages
a) Significance: Describe...

» the importance of the problem or critical barrier to progress that the
proposed project addresses.

» the strengths and weaknesses in the rigor of the prior research (both
published and unpublished) that serves as the key support for the
proposed project.

» how the proposed project will improve scientific knowledge, technical
capability, and/or clinical practice in one or more broad fields.

» how the concepts, methods, technologies, treatments, services, or
preventative interventions that drive this field will be changed if the
proposed aims are achieved.

b) Approach

Green text: relevant to Rigor & Reproducibility

m) Example of funding agency expectations

NIH Individual Predoctoral Kirchstein NRSA Fellowships

a) Significance
b) Approach: Describe...
» The overall strategy, methodology, and analyses to be used...
» Potential problems, alternative strategies, and benchmarks for success

« If the project is in the early stages of development, any strategy to
establish feasibility/address management of any high risk aspects

* How relevant biological variables, such as sex, are factored into
research designs/analyses for studies in vertebrate animals/humans

* Any procedures/situations/materials that may be hazardous to
personnel and the precautions to be exercised

» If research on Human Embryonic Stem Cells (hESCs) is proposed but
an approved cell line from the NIH hESC Registry cannot be chosen,
strong justification for why

» If you are proposing to gain clinical trial research experience (i.e., you
will not be leading an independent clinical trial), your role on the clinical

trial Blue text: new/relevant to Rigor & Reproducibility




Example of funding agency expectations

NIH Individual Predoctoral Kirchstein NRSA Fellowships

a) Significance

b) Approach: Describe...

* The overall strate ology, and analyses T0

ans to address weaknesses in rigor of prior research that serves
as the key support for the proposed project

» experimental design and methods proposed; how they will achieve
robust and unbiased results

* how the data will be collected, analyzed, and interpreted, and any
resource sharing plans, as appropriate.

methods for analysis and sample size determination, as appropriate

oblems, alternative strategies, and benchmarks for succe,

» Ifthe project is in the early’s ,any strategy to
establish feasibility/address management of any high risk aspects

* How relevant biological variables, such as sex, are factored into
research designs/analyses for studies in vertebrate animals/humans.

Rigor of prior research — Instructions

Enhancing eprducityin 4 Aplcsions: s Char A careful assessment of the rigor of the
e oot prior research that serves as the key
s wares T Ceniciron support for a proposed project will help
SR N applicants identify any weaknesses or
Research publzhed and unpubished| the serves 3 the hey support forthe proposed €< . .
e S gaps in the line of research.

* In Significance section:
Describe the strengths and
weaknesses in the rigor of the prior
research (both published and

unpublished) that serves as the key
support for the proposed project.

* In Approach section:
Describe plans to address weaknesses
in the rigor of the prior research that

serves as the key support for the
proposed project.

Authentication

beyond.
FOA) & Agplcaton Gudefor specfc nsrucions.

hitps://grants.nih.qov/policy/reproducibility/quidance.htm
Updated November 26, 2018
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https://grants.nih.gov/policy/reproducibility/guidance.htm

Rigor and Reproducibility in NIH Grants

NIH Instructions
Fellowship Research Strategy

Rigor and Reproducibility

Addressing
Rigor & Reproducibility

Wording for Other
Sections

Examples of what NIH Likes

11

UlCarver College of Medicine
Scientific Editing and Research
Communication Core

Our grant writing templates...

https://medicine.uiowa.edu/sercc/resources/writing-grants

12




m) Example of funding agency expectations

NIH Individual Predoctoral Kirchstein NRSA Fellowships

Research Training Plan:
1) Specific Aims page, no > 1 page (include 2—4 aims)
2) Research Strategy, no > 6 pages

a) Significance: Describe...

» the importance of the problem or critical barrier to progress that the
proposed project addresses.

» the strengths and weaknesses in the rigor of the prior research (both
published and unpublished) that serves as the key support for the
proposed project.

» how the proposed project will improve scientific knowledge, technical
capability, and/or clinical practice in one or more broad fields.

» how the concepts, methods, technologies, treatments, services, or
preventative interventions that drive this field will be changed if the
proposed aims are achieved.

b) Approach

Green text: relevant to Rigor & Reproducibility

13

Ul Carver College of Medicine
Scientific Editing and Research
Communication Core

Significance section

» Importance of the problem and/or critical barriers to progress
» Scientific premise and rigor of the prior research *

» Significance of the expected research contribution
— Impact of the project on scientific knowledge / technical
capability / clinical practice
— Impact of the project on the field

* The relevant literature: Strengths and weaknesses

Rigor of study design (e.g. statistical power, blinded analysis)
Incorporation of relevant biological variables (e.g. detail regarding sex)

Your preliminary data that contribute to scientific foundation of proposal.

14



UICarver College of Medicine
Scientific Editing and Research
Communication Core

Significance section

GRANT WRITING TEMPLATE: A STARTING POINT FOR

Limit to
<1 page

» Importance of Problem

Keep preliminary data brief: » Scientific Premise and Rigor of Prior

leave details/figures to Research
Approach subsection - Significance of Expected Research
Contribution

— impact on scientific knowledge

https.//medicine.uiowa.edu/sercc/resources/ 5 .
% — impact on the field

writing-grants

15

UlCarver College of Medicine
Scientific Editing and Research
Communication Core

Significance section

1) Importance of the problem and/or critical barriers to progress

2) Scientific premise and rigor of the prior research (can organize overall or
by aim)
* Numerous studies have...
* However, studies X and Y have important limitatjons...
* In addition, the rigor of study Z was not sufficient\in that...
» To overcome these 'gaps in rigor, we will... [keep this general here]
» Thus, our proposed studies will circumvent the limiations of... by ...

3) Significance of the expected research contribution

+ Impact of the project on scientific knowledge / technical
clinical practice
» Impact of the project on the field

Specifically mention
limitations ... good
lead-in for innovation

If there was a lack of
rigor and it’s possible to
discuss diplomatically...

16




Significance section

1) Importance of the problem and/or critical barriers to
progress

2) Scientific premise of study and rigor of prior research
*  Numerous studies have...
* However, the limitations of those studies are...
* To overcome these gaps in rigor, we will...
* Thus, our proposed studies will circumvent the
limitations of... by ...

Retrospective
consideration

of foundation for
application

3) Significance of the expected research contribution
 Impact of the project on scientific knowledge / technical

capability / clinical practice * Prospective

* Impact of the project on the field analysis
« of potential

advance

Frequently Asked Questions | Rigor and Transparency
https://grants.nih.gov/reproducibility/fags. htm#4825

17

NIH Example of funding agency expectations

NIH Individual Predoctoral Kirchstein NRSA Fellowships

a) Significance
b) Approach: Describe...
» The overall strategy, methodology, and analyses to be used, including:

* plans to address weaknesses in rigor of prior research that serves
as the key support for the proposed project

» experimental design and methods proposed; how they will achieve
robust and unbiased results

» how the data will be collected, analyzed, and interpreted, and any
resource sharing plans, as appropriate.

* methods for analysis and sample size determination, as appropriate
» Potential problems, alternative strategies, and benchmarks for success

» If the project is in the early stages of development, any strategy to
establish feasibility/address management of any high risk aspects

* How relevant biological variables, such as sex, are factored into
research designs/analyses for studies in vertebrate animals/humans.

18



Ul Carver College of Medicine
Scientific Editing and Research

ApproaCh SeCtion CommunicationCore

Approach

> Issues related to rigor and reproducibility

Addressing weaknesses in rigor of prior research
Strategies to ensure rigor of proposed research
Consideration of biological variables including sex

-~ Aim x (for each aim) Research Design
" e Paragraphs:
- Title of Specific Aim « Approach to be used
- Introduction/rationale paragraph + Overview of methods used
- Justification and Feasibility paragraph : sgﬁﬁ)'m:m“”o” aioy
(including background and preliminary data) - Detailed expectations
- Research Design paragraphs * How results will be
interpreted

- Expected Outcomes paragraph |
- Potential Problems and Alternative Strategies paragraph

» Timeline and Benchmarks for success

» Future Directions

Ul Carver College of Medicine
Scientific Editing and Research

Approach SeCtlon Communication Core

-

Approach

> Aim x (for each aim)

- Title of Specific Aim

- Introduction/rationale paragraph
- Justification and Feasibility paragraph

(including background and preliminary data) | Research Design
- Research Design paragraphs, including: Paragraphs:
Addressing weaknesses in rigor of prior research * Approach to be used
Strategies to ensure rigor of proposed research + Overview of methods used
Consideration of biological variables including sex ° Egjﬁ)’:ﬂ:'r];"mor/ma]or
- Expected Outcomes paragraph « Detailed expectations
- Potential Problems and Alternative Strategies * How results will be
paragraph interpreted

> Timeline and Benchmarks for success

> Future Directions




Approach section

ApproaCh 1. Rigor of proposed research —> robust,

unbiased results (discuss any of the
categories below that apply)

- Addressing weaknesses in rigor of prior research « Randomization protocol for sample groups,
- Strategies to ensure rigor of proposed research inclusion/exclusion criteria

- Consideration of biological variables including sex - Blinded data recording and analysis

> Issues related to rigor and reproducibility

» Aim x (for each aim) +  Controls and replicates needed
I *  Sample-size estimation/power analysis (critical for
D El S eilD Al studies using human subjects and higher

Introduction/rationale paragraph

Justification and Feasibility paragraph )
Research Design paragraphs *  Principles of good laboratory practice
Expected Outcomes paragraph « Essential reagents and their authentication
Potential Problems and Alternative Strategies +  Statistical analyses to be used
paragraph « Controls and replicates needed
» Timeline and Benchmarks for success 2. Relevant biological variables including sex
» Future Directions * Sex (equal numbers of each; impact on results;
separate analysis of effects; karyotype of cell
lines)

« Weight, age, health status, body mas index,
underlying comorbid conditions. ..

21
ScienitcSing andResearch
Communication Core
Approach section
Approach
> Issues related to rigor and reproducibility
. Addres§ing weaknesges in rigor of prior research Separate paragraphs
- Strategies to ensure rigor of proposed research o Gamilsinl
- Consideration of biological variables including sex
> Aim x (for each aim)
_
- Title of Specific Aim
- Introduction/rationale paragraph
- Justification and Feasibility paragraph
(including background and preliminary data)
- Research Design paragraphs
- Expected Outcomes paragraph
- Potential Problems and Alternative Strategies par
» Timeline and Benchmarks for success Stephen W. Russell & David C. Morrison
i i Grant Writers’ §eminars and Workshops, LLC
e FUtUre DlreCtlonS http://www.grantcentral.com
22

11



m) Example of funding agency expectations

| NIH Individual Predoctoral Kirchstein NRSA Fellowships

a) Significance
b) Approach: Describe...
» The overall strategy, methodology, and analyses to be used, including:

 plans to address weaknesses in rigor of prior research that serves
as the key support for the proposed project

» experimental design and methods proposed; how they will achieve
robust and unbiased results

collected, analyzed, and i , and any
resource sharing plans, as appropriate.

* methods for analysis and sample size determination, as appropriate

« Ifthe project is in the early stages of development,
/address management of any high risk aspects

* How relevant biological variables, such as sex, are factored into
research designs/analyses for studies in vertebrate animals/humans.

23
ScienitcSing andResearch
Communication Core

Approach section a
Approach TITNA
> Issues related to rigor and reproducibility

Addres§ing weaknesges in rigor of prior research Separate paragraphs

Strategies to ensure rigor of proposed research o Gamilsinl

Consideration of biological variables including sex
> Aim x (for each aim)

_

Title of Specific Aim

Introduction/rationale paragraph

Justification and Feasibility paragraph

(including background and preliminary data)

Research Design paragraphs

Expected Outcomes paragraph

Potential Problems and Alternative Strategies par
» Timeline and Benchmarks for success Stephen W. Russell & David C. Morrison
R A i Grant Writers’ §eminars and Workshops, LLC
e FUture DlreCtlonS http://www.grantcentral.com

24

12



Ul Carver College of Medicine
Scientific Editing and Research
Communication Core

Approach section

GRANT WRITING TEMPLATE: A STARTING POINT FOR

Research Strategy (con't)
 Approach (subsection)

< s gesrved

. tudy, we wil adre:
. \naddmun ho il snsu the proposed research s perord rgorousy.asdescribed

Slraug\ws 1o ansurerigr of he oroposed researen - 2

~5
pages

including sex, n the proposed research -

B

Ami vt fom 59

Introducton;
+ dustiication: 7

» Rigor of Proposed Research (including
consideration of Biological Variables)

+ Objective of

* Aim1
e Aim2
e Timeline

https://medicine.uiowa.edu/sercc/resources/

writing-grants e Future Directions

25

Example of Strategies to Ensure Rigor (from our authors)

R37 Renewal, scored in 2nd percentile — New subsection (after Aim 3)

Research Rigor and Transparency Scientific rigor and reproduc:blllty is maintained when
1 g potential

oarces of error. To th/s end, the PI staff, and students consult a Blostat/st/cs and Researc

Destgn Core WIthln the Ul Institute for Clinical and Translat/onal Sciences in the methodologlc

p 6
analySIs of data. The Pl and a/l associated personnel have also received NIH-mandated ethics
training. All data will be reviewed by multiple team members to ensure its validity and to minimize
operator biases; this occurs formally at twice weekly lab meetings, informally between trainees
and the PI, and at the time of manuscript preparation, when the Pl reviews all the raw data files.
Morphometric analysis will be performed by blinded teams of students. Inbred C57BL6 strains
will be used, with the exception of CF mice for which sibling CF and WT or heterozygous animals
will be compared as previously described’®.

Key points:

* Multiple approaches used to test
each hypothesis.

* Multiple steps in process of data
review and analysis ensure validity
and minimize author bias.

« The rigor of the scientific approach
is outstanding.

26
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Examples of Rigor in Applications — posted by NIH 2016

«  Excerpts from awarded applications reviewed under a pilot FOA for rigorous experimental
design ... this is only one part of updated instruction and review language.

» Selected based on high overall impact scores and positive reviewer comments specific to
rigor.

. P%ovided to show how elements of rigor and transparency have been succinctly provided in
applications; they may not represent all of the aspects/may still have room for improvement.

* May be updated as applications are reviewed and awarded under the revised rigor and
transparency review.

Example 1:

Aim 3: Male and female mice will be randomly allocated to
experimental groups at age 3 months. At this age the accumulation Key points:

of CUG repeat RNA, sequestration of MBNL1, splicing defects, - Number of groups, allocation
and myotonia are fully developed. The compound will be random, age, why that age
administered at 3 doses (25%, 50%, and 100% of the MTD) for 4 . Dasage’, T oer G s
weeks, compared to vehicle-treated controls. IP administration will
be used unless biodistribution studies indicate a clear preference
for the IV route. A group size of n = 10 (5 males, 5 females) will

administered
. Route of administration,

provide 90% power to detect a 22% reduction of the CUG repeat cantlnge_ncy

RNA in quadriceps muscle by gRT-PCR (ANOVA, a set at 0.05). * G’_ oup size, power
The treatment assignment will be blinded to investigators who *  Blinding, of whom
participate in drug administration and endpoint analyses. This * Experience

laboratory has previous experience with randomized allocation and
blinded analysis using this mouse model [refs]. Their results

showed good reproducibility when replicated by investigators in the Rigor and Reproducibility

pharmaceutical industry [ref].

https://grants.nih.gov/reproducibility/index.htm

27
Examples of Rigor in Applications — posted by NIH 2016
Example 2:
Aim 1: Primary screen: In this high throughput screening assay, we combined the SMN promoter with exons 1-6
and an exon 7 splicing cassette in a single construct that should respond to compounds that increase SMN
transcription, exon 7 inclusion, or potentially stabilize the SMN RNA or protein [refs]. The details of the assay and
the SMN2-luciferase reporter HEK393 cell line have been extensively validated [refs]. Each point is run in
triplicate, the compounds are tested on three separate occasions, and the results are averaged to give an EC50
with standard deviation. Secondary screen: ...We analyze SMN
protein levels by dose response in quantitative immunoblots with _
statistical analysis by one-way ANOVA with post-hoc analysis using | Key points:
Dunnett or Bonferroni, as appropriate. Aim 1
) L . X «  Brief summary of overall approach
Aim 2: Each set of compounds will include a blinded negative control = . Number of replicates, same/ different
compound that has been determined to be inactive and that is dates, reporting of average with
solubilized in the same manner as test compounds. Mice will be standard deviation
randomly assigned within a litter, and data will be collected and +  Types of statistical analysis
submitted to the Pl. For compounds that demonstrate extended
survival, the Pl will be sure to have these tested in {the Aim 2
collaborators’} labs, and data will be merged and evaluated. To +  Blinding, solubilization of test and
calculate the number of the experimental mice, we will perform an control compounds
SSD sample size power analysis to ensure that the appropriately +  Random assignments
minimal number of mice is used in each experimental context. + Who will analyze
Typically for each compound in life span studies, we will need ~20 « Power analysis; number of animals
SMA animals in the treated group; ~20 SMA animals in the vehicle per group
treated group; ~20 SMA animals in the untreated group. If we can « Number of animals, contingency
administer the compound in aqueous solution without expedient, the
vehicle and untreated groups might be combined, as these should
have identical survival. Therefore, no more than 80 SMA animals will . o
be needed per compound. . Rigor and ngroduubuny
https://grants.nih.gov/reproducibility/index.htm
28
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Examples of Rigor in Applications — posted by NIH 2016

Example 3:

Aim 2: Intensity signal data will be transformed into log values and

then modeled by longitudinal methods (reference cited). Key points, Example 3:

Specifically, the composite difference in mean intensity signals « Methods for conversion of signal
over time between the bi-specific T cells vs. control groups is data and modeling

assumed to be 2.8 logs with a composite standard deviation of 2.2 | « Number of measurements and
logs. Furthermore, we will assume at least five repeated assumptions made for power

measurements per mouse after T cell infusion and a within-mouse
intra-correlation coefficient equal to 0.50. Thus, a sample size of
10 mice per group will provide at least 80% power to detect the
above difference between treated versus control group with a 5%
significance level. Log-rank test will be used to compare the .
survival distribution between groups. VAS: Animal numbers are experiment
based on the requirement to perform each experiment (power and

sample size calculations are described in the Research Strategy),

which includes an independent experimental repeat.

analysis

« Statistical measures to be used

* Numbers of animals needed; to be
determined independently for each

Example 4: Key points, Example 4:

Aim 1: Statistical considerations: In our preliminary studies + Statistical considerations based on
consisting of this same cohort of DFUs (n=100) and utilizing preliminary data

16S rRNA sequencing, we were able to detect dimensions of « Anticipated power of sample size
DFU microbiome, including microbial diversity, that were for new, more sensitive assay
significantly associated with DFU outcomes. We therefore « Statistical measures to be used

anticipate that the sample size will provide sufficient power to
detect significant differences using metagenomic sequencing, as
this is a more sensitive and less-biased assay of microbial

identification and diversity. Rigor and Reproducibility

https://grants.nih.gov/reproducibility/index.htm

29

Descriptions of/Links to Biostatistics Resources

Scientific Editing and Research Communication Core
About Us Services Testimonials & Activities Resources Pricing. News & Events
Home » Resources

Biostatistics Resources available to CCOM Researchers

Writing Grants The Biostatistics Resources are partners in the Biostatistics Core Alliance, and all offer services to CCOM faculty, staff, and trainees. They include:

© The Center for Public Health Statistics and Biostatistics Consulting Center
* The Biostatistics, Epidemiology, and Research Design Core (BERD)
© Holden Comprehensive Cancer Center (HCCC) Biostatistics Core

Writing Research Articles

Scientific Writing - General
To help in routing your project, we summarize the missions of and services provided by each Center or Core under the corresponding link
R Information about a project can be submitted directly to a specific Center/Core as specified under "How to Engage our Services." Alternatively, it can
Biostatistics Resources ~
be routed via a Support Request Form.

Center for Public Health

Statistics and Biostatistics

Consulting Center

Biostatistics, Epidemiology,
and Research Design Core
(BERD)

Holden Comprehensive
Cancer Center Biostatistics
Core

https://medicine.uiowa.edu/sercc/resources/biostatistics-resources-available-ccom-researchers

30
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Consideration of Sex as a Biological Variable (SABV)

Reviewer Guidance to Evaluate Sex as a Biological
Va ria b|e SA BV a weakness in Acknowledge as a aweakness in Acknowledge as a
the critique and strength in the critique and strength in
discussion and the critique and discussion and the critique and
Main points score discussion and score discussion and
 NIH expects that sex as a biological variable will be factored into research designs, ety || ey eIy e T ]

analyses, and reporting in vertebrate animal and human studies.
- Strong justification from the scientific literature, preliminary data, or other relevant ﬁ ﬁ ﬁ ﬁ
considerations must be provided for applications proposing to study only one sex.

«This decision tree is meant to be used as a guide, but does not encompass the entire policy. See

NOT.0D 15102 for more information.
3 Are both sexes included in the study?

-

Does the study involve vertebrate animals or mhesmaymzendedmzesxicrsem«eren:esﬂ ‘ 2
humans?!

Is the desvgn/ana\ys\s adequately rigorous to test for
sex differences?

Is strong justification
provided for the single sex

Does the proposal demonstrate
plans to report data
disaggregated by sex?*

No further

consideration of
SABV required;

not considered a

weakness AR R AR Acknowledge as a weakness in
the critique and discussion and the critique and discussion and
score accordingly score accordingly
Notes
1 See FAQs on incl lls and blished cell lines.
2 f e
o reevant dat between the sexes
may ot b requied. Analzing and publhin sex based dats, even nthe bsence of powered sex diferences i ibili f
s s permt e condroion of th fluenc of s i he e pretano of A esus an he Rigor and Reproducibility | grants.nih.gov
e . https://grants.nih.gov/reproducibility/index.htm

31

Example of Consideration of SABV

“"Recent” (2016) example including SABV - New subsection (before Aim 1)

Methods to achieve robust and unbiased results:

. and WT littermate controls were generated as described in Fig. 1. These lines were genotyped
and cataloged across 10 backcrosses into the C57BL/6J strain. Only animals that are of the same
genetic background and handled in the same way will be compared. Congenic Xxxx KO mice
(. ; stock #xxxx) were obtained from Jackson Laboratories. These mice had
been backcrossed with C57BL/6J animals >30 generations. of dissociated PFC cells,
obtained

. For the
experiments involving [brain] slices from P30 animals, samples will be prepared from equal
numbers of age-matched male and female animals and results will be tracked by gender.
Each experiment will be performed in triplicate and repeated at least three times. Dose-response
and time-course analyses will be conducted for each compound to ensure that the responses are
maximal. We have extensive experience with blinded analysis, treatment paradigms, and group
analyses®9-50:%5, The Co-Investigator has extensive experience in establishing LTP and LTP-D
paradigms in both rats and mice*45. Experimental designs are rigorously vetted including, at a
minimum, testing of only a priori hypotheses and blinding for subjective ratings. Except as noted,
biological and chemical resources will be obtained from standard commercial suppliers; effects of
novel agents are documented in the literature. Data will be analyzed using ANOVA followed by
posthoc testing with Student’s t-test.

32
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http://orwh.od.nih.gov/sexinscience/overview/pdf/NOT-OD-15-102_Guidance.pdf
https://www.jax.org/strain/008084

Rigor and Reproducibility in NIH Grants

NIH Instructions
Fellowship Research Strategy
Rigor and Reproducibility

Addressing
Rigor & Reproducibility

1 Wording for Other
Sections

Examples of what NIH Likes

33

Ul Carver College of Medicine
Scientific Editing and Research

App roach SeCtiO n Communication Core

Approach

> Issues related to rigor and reproducibility
Addressing weaknesses in rigor of prior research
Strategies to ensure rigor of proposed research
Consideration of biological variables including sex
> Aim x (for each aim)

_\
Title of Specific Aim

Introduction/rationale paragraph

Justification and Feasibility paragraph

(including background and preliminary data)

Research Design paragraphs

Expected Outcomes paragraph

Potential Problems and Alternative Strategies paragraph

. Timeline and Benchmarks for success

» Future Directions

_/

34
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Approach section

Introduction paragraph, formula:

Justify why this aim needs to be performed / what aspect of the overall problem will
be addressed (1-2 sentences only)

Explicitly state the objective, e.g. “The objective of this aim is to...”

+ Restate (verbatim) the working hypothesis from Specific Aims page, e.g.:
“To attain the objective of this aim we will test the working hypothesis that ...”

State the overall strategy / approach for testing hypothesis (1-2 sentences)

Provide rationale for work under this aim (i.e. what will become possible after this
work is carried out)

Summarize overall outcome and positive impact of this aim, at a general level

35

Approach section

Justification and Feasibility paragraph:
»  Will potentially include two kinds of information

= Justification of need — based on the literature

= Evidence that you can do the work necessary to solve the problems
you have framed — preliminary data

+ If so, you need a good transition that bridges justification of need to evidence of
feasibility, e.g.:

These findings illustrate that ... identifying x will be necessary to understand ...,
which will require knowledge of ... . The following preliminary data support the
feasibility of this approach in our hands.

36
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Approach section

Research design paragraphs:

T W

» Write paragraphs related to research activities that will be undertaken to
accomplish the objectives of that aim.

 In each paragraph, make a single conceptual point.

 Start each research activity (subaim) off with an interest-grabbing headline.

Aim 2.1. Determine which cells require the Mmd protein
Approach / methods overview / essential reagents / critical equipment / numbers of
subjects/animals and how numbers were derived

statistical analysis to be used / controls / replicates / detailed expectations / how results
will be interpreted / any major anticipated problems / time to complete

Aim 2.2. Identify the mechanism whereby TXS activity repositions Mmd
Approach / methods overview / essential reagents / critical equipment ...

37

Approach section

Research design paragraphs:

» In writing research activities for each aim:
= Emphasize concepts
= Avoid anything tangential

» For methodologies:
[as a student, you may need to include more detail than more senior
researchers]

= Reference any appropriate papers by your research team

= If nobody on team has published with a certain methodology, include
preliminary data on this

= Where methods are repeated, refer to earlier descriptions of protocols

38

19



Approach section

Expected Outcomes paragraph (very important!):

n on the agency’ s investment more explicitly than

» Purpose — Highlight expected re
ph for the aim.

in summary or in introductory para

* In this paragraph you should:
= summarize expected outcomes for this aim (one per activity)
= convey how outcomes collectively achieve the objective of the aim
= underscore importance of this activity to:
+ the field, of its own accord
+ the overall objective of this aim

= mention any important caveats

Sometimes
“Outcomes and Interpretation”

39
Approach section
Expected Outcomes paragraph (very important!):
- Example language for this —
These experiments will provide the first analyses of .... Biochemical analyses will provide
..., yielding a level of knowledge that has not been achieved in other systems. Combining
this information with pharmacologic perturbations ... will yield insight into the function of
..., will also provide insight into .... Thus, the results will provide a foundation for
attaining the overall objective of the proposal, i.e ...
40
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Potential Problems and Alternative Strategies paragraph:

« Identify problems that could arise but probably won't.
* Include only the most important and probable, e.g.:

= assays might not be sufficiently discriminating

= critical reagents/patient samples might not be available

= your working hypothesis might be proven invalid

» For each, identify:

= the nature of the problem
= reasons it is unlikely to arise

= alternative approaches you would try if it were to arise

Approach section

Potential Problems and Alternative Strategies paragraph:

* Example of language for this:

Regardless of our hypothesis, the experiments within this aim will ..., and whether ...
Given that the experiments within this aim use well established and routine genetic tools
to determine ..., it is unlikely that the experimental techniques will fail. However, if ...,
the interpretation of the results could be problematic. To overcome such a complication,
we would ... by .... For instance, our preliminary data indicates that.... Thus we would
use ... to identify which ... .
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Timeline

Grant applications are often rejected because overly ambitious or

not ambitious enough.

Carefully thinking through and presenting a timeline can
circumvent these problems.

+ Comes after all of the Specific Aims

If possible, include a schematic component

* Purpose — to outline timeframe needed to complete each subaim
(as table or paragraph)

Timetable

Aims/Tasks

Year 02

Year 03| Year 04

Year 05

Aim 1: Characterize the function of...

1.1 Identify which...

1.2 Define when...

1.3 Examine the effects of...

Aim 2: Determine the cellular source of...

N

1.1 Determine where

1.2 Identify which...

Aim 3: Identify the

3.1 Characterize the...

N

\ 4

3.2 Identify the....

3.3 Examine the...

43
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Future Directions

*  Purpose — to summarize:

= where you expect the science to be at end of the study

how results will complete next step in the continuum projected in long-term
goals statement of Specific Aims page

» Example of language for this:

= what the next steps in the continuum will be, and why they are important

.... The knowledge gained will provide the foundation for .... In the future we plan to
probe the mechanisms of .... by .... We will also expand the studies outlined here to
examine whether ... Overall, such studies will help us attain our long-term goal of ... by
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EXAMPLE PROPOSAL 3
Risk Factors for Glaucoma: Uncovering their Genetic Basis Using Inbred Mouse Strains

complication, the selection of mice used in the genotyping arrays would become more tightly limited to
mice representing only the extreme phenotypes — significantly high and low CEC density- which would
increase the likelinood of identifying relevant loci. Another way to overcome this pzoklam., would be the
replacement of one strain with a different inbred mouse strain of like CEC phenotype. This would be
possible because we initially pnenatyped many different strains for CEC density.

Timeline

Aims/Tasks Year 01 Year 02

Aim1: Uncover genes Influencing CECs <+ >

1.1 Generate cohorts of intercrossed F2 progeny —p

1.2 Phenotype cohorts for CEC density and CCT P

1.3 Map genetic loci influencing CECs )

“ Future Directions

The identification of genetic loci that influence CECs would greatly contribute to our understanding of
the of An g for the genetic basis of CEC density coupled with the
current ease of measuring CEC density in the clinical setting, our ability to assess risk for disease, treat
disease, and prevent vision loss associated with glaucoma would be greatly enhanced. Furthermore,
genetic manipulation of loci that influence CECs as well as pharmacological studies aimed at
manipulating CEC density and function could also be pursued for new preventative measures and
treatments for glaucoma and other CEC-related diseases. This early detection would enable us to
identify bigh.risk, begin p well before the onset of disease begins, and

give us the opp ity to reduce the of vision loss with
glaucoma.
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expression by sacieng 3 subeet of mce 3 paskoperate 02 5. 10 30d 20, KoGtng e SAN and usig
Py 0 5tain for HCN (48), 3 SAN specific protein, and Image eGFP express|

2b. Detarmine whether lyc, Inhibltion protscts against SNI

1 wil fest whetner DN-MCU Tg mice are protected from SND o Ang Il Infusion model (17). | nypotnesize

inatoy imiing Ca™ Influx Into mitochondria Tg mice will have less cell death and SND vs WT mice. To test
this hypothesis, | wil Impiant ECG telemeters in Tg vs WT mice and a minlosmotc pumps nfusing Ang I (3

mgikgiday) or saine (17). Pumps wil be In piace for up 1o three weeks. During inis tme | will measure resting

recoraings. Mice wil be evaiated for fe5 Of severs bradycardia, 3 halmark of SND, which wil be
defined 3¢ a HR less tan 200 beatsimin during an level of one Or greater, 35 we JeScrDed (17).
Atter tnree weeks, mice wil be ang whole hearts wil be Isolated. Isolated -

perfused, overdrive-paced, Infused with ISO and evaluated for sinus node recovery tme (SNRT) (17). which s
3 measure of SAN Pealtn.For Immunchisiochemical staning. whole hearts i be excied. Tne ight arur
30 superior vena cava will be removed, f3sn frozen. sectoned. and stained for apoptosis (TUNEL) and
reactve orygen species (DHE) (45). HCN4 (46). an SAN enriched proteln. staining wil e used o mark the
SAN. 1 Wh measure airal Sorosi by perfoing a Massans ichrome stain on sectoned ngni ara fssue
{49) 1 Wi ‘Geict apopiotc acivalon by perorming caspase-s and caspace-s sl aeeays I fecue
sampies.

ana
1 expect that DN-MCU Tg animals and DN-MCU painted mice will nave simiar KRS % WT and eGFP panted

This Is a scenario that my 1ab Is uniquely sulied to study. The altemate hypothesls woukd remain an exciting
and imporiant conclusion because inere s No data avatable about te effect of MAIBING lucy 1 3 animal
model. Any data genrated from this study wil add to our understanding of HR determination.

expect that ON-MCU mice wh be protecied rom SND,ana SAN cel deatl. howing malfenance of HR at
DasEine evel, lower SHAT. a1d Jeher 3paplate coie. f e GPPOGHE 1 ound 1 be e, & AGuIa Fmain an
exclting finding because of the novely of tis study. I un, InnBiton promotes SND. which | 9o not expect,
perhaps there Is a lower threshoki for miochondrial Ca™ that must be maintained I order {o have cell viabilty.
Compieting this sub-am will provide important information about e role of cardiospecitic MCU during
patnopnysioiogic conditions.

I o suges
My proposed studies will provide many answers about the Involvement of MCU In SAN physiology and

Oyetncoa. 11 Undeniati et maey more Queeaons i ace s compasion of e aing Dody of ok

1ave aireacy made mutant MCU constructs hat are Ikely resistant to CaMKIl phosphorylation. Wnie outside
of the scope my proposal, these constructs wil Nelp me study the relationsnip between CaMKIl and cardiac
MCU In the future. | pian to leam tne pat ‘mining my s

may be
an important technique for my fufure studies and Dr. Anderson's aboratory has many experts n the technique
of palcn clamping. | am exciled and MOtNated 1o complete the work outined in my proposal. Compieting this
body of work wil provice Important Information about caralac mEoChondria and will alow me to learn basic
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Future Studies

My proposed studies wil provide many about the of MCU In SAN physiology and
dysfunction. It is undeniabe that many more questions will arise after compiletion of this exciing body of work.
1 have already made mutant MCU constructs that are likely to CaMKll p phorylation. While outside

of the scope my proposal, these constructs will help me study the relationship between CaMKIl and cardlac
MCU In the future. | plan to leam the patch-clamp technigue before finishing my project because this may be
an important technigue for my future studies and Dr. Anderson’s laboratory has many experts In the technigue
of patch clamping. | am excited and %o complete the work In my prop: c g this
boady of work will provige Important Information about cardiac miochondria and will allow me to leam basu:
sclentific principles on which | can bulld an Independent sclentific career.

My studies will provide ... answers about...
. many additional questions will arise.
While outside of the scope of my proposal, these xxx will...
In future...
Completion of this work will provide important information about...

...and will allow me to learn ... on which | can build an independent
scientific career.
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neuiraizaton using standard methods (46). The affines of binding can be directy messured for the anfbody
expressed on the yeast surface using flow cytometry to estimate on- and off-rates (2, 67).
An addml variant on this protein ing approach would invol the virus-specific contacts
ificity determinants of the antibodies. We have already solved the X-ray crystal structure of the Mab
u which specifically binds CPV but not FPV (21). Other specific antibodies do not recognize certain natural
or antibody-selected antigenic variants (escape mutants) of the capsid (82). We would therefore use the same
yeast expression library and mutagenesss to select antibody mutants that recognize those variant capsids, and
thereby determine the antibody structural determinants of site-specific recognition. This would allow better
models of the antibody-capsid contacts to be obtained.

C3c1) Functional festing of the mutated antibodies. To determine the effects of the different changes in the
capsids and antibodies on the process of infection and the relationship to neutralization, we would examine the
effects of the purified antibodies or antibody domains (as scFv or Fab) on the viral functions. We would puriy
the wild type and mutant forms of the capsids and antibodies. Antibodies would be tested for their abity to
compete with TR in binding assays, and for ther ability to neutraize standard virus preparations. Widtype or
mutant capsids would also be used. and treated with proteases to cleave varying proportions of the VP2 in
some studies. Those would then be examined for their ability to bind the TfR in solid phase or on cels, for
uptake mto the normal pathways of cell entry, or to be neutralized. using our well estabiished methods (24, 46).
C3d) Expected outcomes. potential problems and their solutions or alternative approaches.
These studies will use existing ized antibodies and engi ins to answer
important questions about the mechanisms of antibody attachment, recognition of specific capsid structures,
and their interactions with receptor binding leading to neutralization. We already have the antibody-capsid
complex sirockwes of regreaeaiaive sel of & antlodies (1), and fave several offe nkhoifes expresed
in either bactera oryeast and have confimed that those are expressied and bind the val capsids (e9. Fig. 8.
We are therefore well positioned to carry out the studies proposed.
Whille the lack of binding by some of the antibodies to sites with cleaved loops has not been formally shown,
that is highly likely given the properties of the known escape mutations and binding sites. The preparation of
the gold-labeled Fabs should be quite straightforward, whike the TR labeling may be more challenging.
However, the TIR ectodomain dimer, as expressed, displays two 6-His tags on the underside of the receptor,
and that should be readily labeled by Ni*'_gold conjugates. The selection for antbody domains with altered
affinities should be straightforward given that we aiready know that the most interesting antibody pairs are
expressed in a functional form on the surface of yeast, and our close collaborator, Dr. Moonsoo Jin, has used
all of the methods proposed for preparing and screening mutant libraries for ligands with altered affnities (see
letter of collaboration).
C4) Overall Summary and Conclusions.
These studies will ntegrate our understanding of the structures of viral capsids with a more detailed knowledge
o he binding properties and funcions ofhost cel receptors and anoies. The resuls would be corelaied
and structural analyses of the capsid flexibility, variation, and/or asymmetry. These are
ey quesuns that apply to any non-enveloped animal virus, and have paraliels to the structural changes
and interactions seen for many enveloped virus glycoproteins, and so the results will carify some of the
underiying rules about how viruses interact with their host ligands and infect cels.
The work buids on a solid intellectual and methodological foundation resulting from our previous studies, and
we have most of the materials and background information required. For each of the projects we combine wel
established methods with new approaches, and have altemative approaches for each of the experiments
where the technology is novel or untested. Studies already underway would be continued in the first phase of
the funding period, while studies requiring the development of reagents or information from previous studies
will be done later in the project.
TIMELINE
This project would take 5 years to complete. The sequence of studies wil iniate in years 1and 2 with the
preparation of the capsid mutants and their testing. along with development of the new methods for sample
preparation for cryoEM. and collection of the cryoEM data for analysis. Analysis of the role of cleaved and
stabiized capsids would initiate with the currently avaiable mutants, and continue through years 3 and 4.
Mutant forms of the TiR and antibodies would be prepared i the first years, and tested in later years up to
year 5. The preparation of capsids with altered receptor binding sites (peptides or domans), and selected on
mutant receptors. would occur during years 310 5.

Researn Stratogy Pagess
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Rigor and Reproducibility in NIH Grants

NIH Instructions
Fellowship Research Strategy
Rigor and Reproducibility

Addressing
Rigor & Reproducibility

proiminarydota.limitations probiom —

field hypot!

Wording for Other
e T Sections

overallobjectives

objectives

Examples of what NIH Likes

49

NIH Example 1

Picioal FvecgavrProgram Directo (L, 1, miode). Aarer, Adam, Jorainan,

Biofilm formation by G. vaginalis Whie the focus of thi lication

the role of VLY in the pathogenesis of G. vaginals, other virulence factors

may aiso play a significant role. For example, G. vagmasx is known to form

adherent biofims in vivo [63]. Recent data suggest that even folowing

targeted antimicrobial reatment such biofims can pemsl tand Ivkely

contribute to BV g [64]. These.

effects can be modeled in vitro, as G. ugmﬁ.x s biofiims on polystyrene,

allowing quantification using a safranin-based assay (Fig. 8). In addmon

fuorescent ve-cell imaging of G. vaginalis grown in a glass bottom

chamber reveals the formation of complex, multicellular collections M G.

with biofiim formation 8). We will screen the librar

(Bsticke/ 17E—msposm-msmm mutants mranedﬁ%mlu for mutants defecive
sutto O ~ im fomation Based on fings n the ystems, e predict 3 ol o G.

inalis luxS in this. phenoxype as well. Our able to
Uses sub-  >mination of genes encoding other putzlm vnmleoeehmsofﬁ

=

hypothesis "5 (€8- ahesins. sabdase and proida
of Gardnerella vaginalis virulence usmg m Ejsrl ky N6/17, IlISEJ

mqmmd hr g
VLY and heosi suttontn  Opti ~
Dm and ep.me«an Tesponse 10 G. vagnans By genetically manipulating G. vaginalis
epithesal detection and host range, setting the stage for a novel in vivo model of bacte Uses formatting to
emphasize to
Creat library We wil generate a ibrary of transposon mu oy ievere
usmg e pJAkw«mam asmid PUIT128. Thi construet has been used o mut
acterial species and was created by our collaborator, Dr. David Figurski [B¢
o:rrymn e v selected on HET agar
transconju e grown in selective broth, followed by induction of the transposase with IPTG. This
vy et 158024kan transposon, which inserts randomly into the G. vaginalis genome. Genome-
‘ide inseicn wlbe confrme by Southem o, 35 desribed 551, Because e cayptic kan gene oo mg
transposon is only expressed when inserted into a recipient gene that is being expressed (and not fro
plasmid itse), the library will ve enicned o mecrion coding regions, as described [051 Canze
s wh i seecld on tanarmyc e scresned o kaciakon of e iy gene. Ax desced bakrw, we
will also prepare viy mutants by will provide an unbiased
screen for regulators of VLY production and other pnmml virulence determinants.

Creation of zargeted murations  In addition ing a VLY-deficient G.
iransposon mtageness, we wil perorm trpeled disnptionof he vl gene by homoiogous recombination. A
targeing constrctconsistng o the 1t 500 bp of the vy gen folowed by an aniotc resistance cassete
(kanamycin resistance), fllowed by the terminal 500 bp of the vly gene wil be coned nf the poyink

K12 which we have demonsrated can be mabiized o G. vagmnaié. We wil mobilze e pasmd 4 oG

ginals by confogaion,selecting il fo plasmic-encoded resstance choramphenicol, and
Subsequenty fo resisance encoded by he risert (tanamyc). Kanamyci resitan, chiorarphericol-
sensieve recombinanisshould have 2 dsnupen of e i gene and have been cured of pasmid — these
ficency s above. We wil employ  simiar siateqy o generate 3 xS E]s:kkﬁ 17]

eomnlememad strain) to explore its role in VLY regulation as wel
) Iysls of mutants We will screen for transposon insertion into the viy gene in several way: o
Describes what they il look for G. vaginalis colonies that are nnn«mwc on »uma.- blood agar. The hemoly States rationale
will do; uses few IG vaginalis is human-specific and is likely the result of VLY production. Supernatants from
details with of individual transformants in 06-well plates will be assayed in at least triplicate for VLY
y ELISA and compared sumwvy (using ANOVA with Woprme postiests to wnpm
Hants o the wild-type —
nany noloﬂnes wil be smnw by PCR for the vly gene, as transposon insertion stmld lead to an
We anticpate ng ~4,000 colonies, depending on transposition
efficiency. Srmlx numhe's of colonies were screened in a pVJT128 library of A. actinomycetemcomitans and

Fasssrch Siatogy Page3s.
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et mickto): Rars, Acm, Joruthan

(Fsticky Note6/17/15 8:16:4
jong + ~ Catalase gene [85]. If non-hemolytic colonies (or strains that produce either more
o o [are

Shows how current studies build nined by inverse PCR as described [85] using avaiable draft G. vaginalis
T elimiriry 0a s tly, this library of insertion mutants will represent a valuable resource for the
P 1y, sesis and wil be used to screen for other factors linked to virulence.

S Gen, </ A VLY-deficentsai of G, vagina,cured of piasmid but retaining he
1sposon insertion. will act as a the pJAK wid-type or
t iy genes. Genetic complementation studies will establish it phenotypes seen ity e VLY wicent
ain are truy the result of lack of VLY. Introducing mutant viy sequences will allow dissection of the
imporiance of arious VLY functons (hCDS bindng, poe-formaton) m ivo, Finaly. we propose hata VLY-

encountered on the ELISA assays) have insertion sites outside the viy locus,

(Bstické/17=]
sutto Op ~
Shows

deficient G. vaginalis expressing the VLY:PLYD4 chimeric toxin, whi
represent the first step toward a non-human model for the study of sv (desoribed furber in Alms 18 na 20).
We hypothesize that the lack of species seleciivity of this chimera might allow for colonization of the murine
gental tract — tudies the logical extension of those proposed here and

prefiminary G. the /agina in the setting of PLY
co-inoculation. Importantly, we hypothesize that genes other than the viy gene may reguiste toxin production
eiher during growh ot n response o emiiormentalconciions. As described above. LS represents such a
and may play 3 role in the densitydepender

regulation of VLY producton. The impact o specifc genes (includng VLY and reguiatory genes pvi 1uxS)
willbe confimed via gmeﬁc complemeriaton. wih corecton for any differences in growth rates in L
strains, w ODeco and

complementation i DIAK16 expression stuckes, & wil be mporiant i evaiuae th expression leves oy
and other targets (using Westemn bot and ELISA) in order to ensure that they are at wild-type levels.

Anticipated Results and Interprezation We anticipate that by screening several thousand mutants, we can
identify mutants with insertions in the vly gene. Such mutants should be non-hemolytic on human blocd agar,
should not secrete VLY into their supernatants, and should allow us to probe the role of VLY n G. vaginalis-
epithesal cell interactions more fully. Mutants generated in this series of experiments wil aiso be used in

studies described above. The abily to compare a VLY-deficent mutant with s complemented derivative will
P 'y powerful in ady the role of VLY in (Fstické/17[-]
cential Picfalls, Alternative Approaches, and Future Direcrions _Based on our success in mobiizing 540 OF ~
Kioand \JT128 i G vagnais by conjugeon fom = ol we do ol sniopate iy nperomy o
JT125,COCefcietsvains ofmany Gram posive species have been ge
making i less likely it 23506} Co
as uses be in this Aim. lence f
(Bsticke/ 175,590 (proiidase, e ‘adhesins) that can be mesngaxed i future shadies using this fooL Reeime
SUtto Op + nable to generate 2 VLY-deficient mutant using transposon mutagenesis, we wil stl have construcied a @
Al ibrary for the future study of non-essental genes in G. vaginais.
Gives
pecific G. vaginalis strains with
srimental Design
ssion o chimeric and mutan oxing in rans _ The overall gl of s sersof perimens s o
consuctand oG vaginats We vl spproach tis GO SUCk6/171=]
ot v Gt way. Fres we Wi Sgrass Wi ype VLY or ekad mutants n wans. g panagmer  sutto Op -
xpression. Exresson wilbe rom e [°TG-Gven Fiae promote n pIAK1D o from e coned
regon. TG voginaks gercraedm Highlights
i 1A a0 wil overap o some oxtant with he genetc complementaton sudies Gescrbed above. However. significance
is our success in Aim 1A, 5o we can also perform _ (e A RE
these manipulations in 2 wid-type G. vaginalis background. The disadvantage of the later approach s tnat  4'd fUl
there would be expression of VLY from the chromosomal locus. The advantage s that useful m vito andin _ directions
Vivo data (especiall wih the VLY-PLYD4 chimera) may st be obtained.
eneration of unmarked chromosomal mutations at the vly locus  The use of insertion mutanis in the v

vly locus is not ideal, as such constructs may have polar effects. The complementation studies wil address.

Pasesrch Siategy a7
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variety of cellular processes
Tokndsp«ﬁcuymdmmndmmupmssmhsm'ok!dmmm" (SJstick6/17
that modify substrate recognition and control activity (65). In the yeast and mamm
2 complex with Ufd1 and Nplé (64, Sé)mdbmwﬁmrsmmq-madﬁnrl sutto Op ~ m
e o T,
emhnmmnm,,umgmmmmmmhmmmm RaekaTE R
Iocalize to the outer membrane compartment (36). The CdcdS cofactors are of part el reas
ubiquitin on | d(or
if Ufdl i uired E zndwhnm
Intacting st oces -7 will onaruct 3 conoral e dclio s G 8.
@m 25 sve have a cosmid clone in hand and we have shown (2
UK

straightforward
£d1 locus as we used a cosmid to introduce an epitope tag (36). \l-(“mllx

import i this mutant. wmmmmmmofmm Lis
Mn)ﬂimlmm States what
E]mks/uDMhﬂ) In other systems Cdo4§ and Ufd1 form a stable ¢ they plan to dumoelli
iitial binary complex that then recruits Cdo48 forming a te

sutto O ~ Ufdl,, and Cded$.
SHowe mzwmwnwﬁ&muuﬁmﬁm%wmuﬁlhwm

Voo will lyse parasites in the presence of mild detergents and protease inkibitors and
feasibility an@awlydmulmbnmiwqﬁcwmturammmwmbml

. Next we will test for co-precipitation by reciprocal Western blot. The kypothesis of a

* Lac+s/Uzal complex in the apicoplast predicts. Mmdmavﬁluwwcésuyunﬂammwm\w
mwwmcmmmm l.hnwlslocm thwdm

There are some experimental :
unlikely as we were able to tag both proteins in the genomic copy.
m{dc{ﬂ,,uﬂmlhnnnuedzgmmmhwmm(}é) DOnly 3 subp e

i il s m e lfernatives ;d
ﬂlntﬂymdumbﬂn(ﬂninsmlg_hhwdx“lhmyhm:humh

2
second tag). 3)

‘The complex. stable Iysis and pull down. Again this is 2 valid
detergent and vere suitable for the
(64.6T) i itions if necessary.

avenues for

Overall we expect that Aim] will define the core of the apicoplast ERAD system, show if all three identified
demonstrate their interaction, and identify CDC48 ATPase

f
activity as the motor of the system.

of the apicop!

pathway.

are routed this way
aimﬂlpvmnih‘uwsﬁn!dwhmmdﬂsdhﬂrgﬂpmnna

(UbaorEl).a
(Lumm)wnwmm mmnmm and finally lnblq\mm

background
Pugest

Is substrae rcogaition of CidodS, modulated b s cafacor complex?
o s (5
l;mmns

(Ssticks/171=}
sutto Op ~

of aim
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