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Use the tabs to get more information on
an individual award.
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TTOJect NUMDEr:  DNYYLMUO7J00-UZL LOmMact i/ rFroject Leaaer: AL LUNY
Title: MONITORING SIGNALING DYNAMICS IN SINGLE CELLS Awardee Organization: CALIFORNIA INSTITUTE OF TECHNOLOGY
Abstract Text:

DESCRIPTION (provided by applicant): We recently discovered a surprising class of dynamical behaviors in yeast signal transduction. Signaling transducers in Saccharomyces
cerevisiae exhibit large stochastic bursts in their nuclear localizations, correspondingly in their phosphorylation dynamics, in the presence of constant amounts of signal. These
pulses have typical duration of about a minute and are not synchronized in a population of genetically identical cells. Single cells measurements utilizing localization as an
observable offer us a unique view of dynamics in post-translational modifications inside living cells. We have shown theoretically and confirmed experimentally that these bursts
serve functional roles in coordinating downstream cellular networks. Furthermore, we found two other signaling pathways that exhibited similar but independent bursting behavior.
These unexpected observations suggest that interesting dynamics in signal transduction exists for a significant subset of the proteome and plays significant functional roles that
justify their existence over more gradual and less "noisy” dynamics. Here, | propose a comprehensive interdisciplinary research program, by combining quantitative single-cell
time-lapse microscopy with mathematical modeling, to obtain a system level understanding of the signal processing and decision making at the single cell level. Specifically, |
plan to address the following questions: How much of the yeast proteome exhibits bursting in their localization dynamics? What are the mechanisms generating bursts and is
there a common design principle? Finally, how does the cell process different signaling inputs and integrate them at the various levels of the pathway? My current postdoctoral
training program, the Beckman Institute Fellowship at Caltech, provides a monthly meeting for me to exchange idea with the other Bl fellows in diverse scientific discipline from
chemical engineering to behavioral neurobiology. The program is under the guidance of Prof. Barbara Wold, who provide additional guidance on scientific and career decision.
The K award would allow me to use my remaining time as a postdoc to initiate experiments that will carry into my faculty years in a major research institution. Relevance:
Signaling and coordination are critical to eukaryotic cells for decision making in diverse context. Imbalances in signals often resuits in diseases, such as cancer. We discovered a
novel mode of signaling, akin to FM in radio broadcasting, that are utilized by cells to coordinately regulate expression from a large and diverse network of genes. We suspect
that this strategy may be employed ubiquitously in cellular signaling and have profound implications on our understandings of eukarytic gene regulation.

NIH Spending Category:
Genetics
Project Terms:

Address; Affect; Behavior; Behavioral; Binding; Binding Sites; career; Cell physiology; Cells; Chemical Engineering; Color; combinatorial; computerized data processing; Decision
Making; design; Discipline; Disease; Environment; Enzymes; Eukaryotic Cell; Exhibits; Faculty; Fellowship; Fluorescence Microscopy; Frequencies; Gene Expression Regulation;
Genes; Genetic; information processing; Institutes; Institution; Interdisciplinary Study; interest; K-Series Research Career Programs; Libraries; Life; Malignant Neoplasms;
mathematical model; Measurement; meetings; Metabolic; Microscopy; Modeling; Molecular; Monitor; movie; mutant; Nature; Neurobiology; novel; Nuclear; Pathway interactions;
Phosphorylation; Physiologic pulse; Play; Population; post-doctoral training; Post-Translational Protein Processing; Postdoctoral Fellow; Principal Investigator; Process;
programs; promoter; Property; Proteins; Proteome; Radio; Regulation; Reporter; Research; research study; Resolution; response; Role; Saccharomyces cerevisiae;
Saccharomycetales; Signal Pathway; Signal Transduction; Staging; Stress; System; Time; Training Programs; transcription factor; Transducers; Yeasts
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[ 5 K99 NS062894 02 PARIETOFRONTAL NETWORK FOR HWANG, EUN JUNG !:‘JESJ:‘TNLSLEOgl; 2011 NINDS
REACHING
TOP-DOWN VS BOTTOM-UP
s Mt o S i INFORMATION FI OW IN THF CALIFORNIA
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A new popup will open to indicate data is
being exported. Once it is complete, this
popup will appear. Use the “Click here to

st i s e save the fle” bton R

HOME | ABOUT RePORT | FAQs | GLOSSARY | CONTACT US

| WORKFORCE FUNDING REPORTS LINKS & DATA

Export complete.

RePORTER Login| Register  System Health: [ll GREEN

[Back to Query Form ‘ | Save VQueryJ ‘ «. Share Query |

Export | All Projects 4 @

5 & MORE &
cords per page | 25 4 Show/Hide Search Criteria s
2 Page 1 of 2NextLast p p»
Funding FY Total Cost Similar
anization FY AdminiC
Org ic by IC Projects
CALIFORNIA
1Al LONG INSTITUTE OF 2010 NIGMS  NIGMS $22,500
TECHNOLOGY
CALIFORNIA
1Al LONG INSTITUTE OF 2009 NIGMS  NIGMS $90,000
TECHNOLOGY
CALIFORNIA
%@LM INSTITUTE OF 2010 NIDA NIDA $90,000 |
TECHNOLOGY
CALIFORNIA
AN, RONG INSTITUTE OF 2009 NCI NCI $47,117
CANCERIMMUNE TNTERACTT TECHNOLOGY
MECHANISMS OF CARBON DIOXIDE .1 £t ELISSA CALIFORNIA
] 1KS9 AI0B5107 01 AVOIDANCE IN PARASITIC ANVON" INSTITUTE OF 2010 NIAID NIAID $59,629
NEMATODES v TECHNOLOGY
) 1 K99 DAQ40047 01A1 WF ek HENDERSON, %ZLT'T%@GF 2016 NIDA NIDA s151,200 R
it e e REINFORCEMENT AND NICOTINIC ~ BRANDONJARROD 1o oo : .
RECEPTOR NEUROBIOLOGY
LINEAGE-BASED INFERENCE OF CALIFORNIA
) 1K GM118910 01 CELL STATE TRANSITION DYNAMICS HORMOZ, SAHAND  INSTITUTE OF 2016 NIGMS  NIGMS $90,000
IN DEVELOPMENT AND DISEASE TECHNOLOGY
] 1Ke9 GM108867 01 W HSUEH, YEN-PING ﬁf&'fﬁ@ﬁp 2014  NIGMS NIGMS $90,000 B
A e ELEGANS AND NEMATOPHAGOUS e JECHNOLOGY ; -
FUNGI
SPATIAL CHARACTERIZATIONOF CALIFORNIA
] 1Ke9 HL114862 01 "HLBI NHLBI $89,370
. .
'Your Excel fil
Congratulations! Your Excel file is
. pr)
now in your download folder.
) p
Note you will need to use “save as” .xlsx
@) y : 40,000
to convert from .csv
JLIFESPAN OF  JA WILLIAM W INSTITUT! S
NOGASTER TECHNOL
T ROLE OF BACTERIAIN CALIFORNIA ,
(] 1 K99 AGD30493 01A1 DEVELOPMENT AND LIFESPAN OF  JA, WILLIAM W INSTITUTE OF 2008 NIA NIA $90,000
DROSOPHILA MELANOGASTER TECHNOLOGY
INVESTIGATING BRAIN CALIFORNIA
] 5K99 MHO094409 02 CONNECTIVITY IN AUTISM AT THE %%E—&Y—QA—NE INSTITUTE OF 2012 NIMH NIMH $88,508
WHOLE-BRAIN LEVEL ] TECHNOLOGY
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Search Results - NIH RePORTER - NIH R

((. U.S. Department of Health & Human Services

Research Portfolio Online Report’
(RePORT)

QUICK LINKS RESEARCH

Home > RePORTER > Search Results

Search Results

If you’d like to see more data (e.g. which

Institutes at NIH funded the awards),

click the “Data & Visualize” tab on the
Search Results page.

S WORKFORCE

PROJECTS PUBLICATIONS PATENTS [Py R RUGILIRY<S o MAP NEWS & MORE B

ig Toois Expeniitures and Results

Search | ]

HOME | ABOUT RePORT | FAQs | GLOSSARY | CONTACT US

FUNDING REPORTS LINKS & DATA

RePORTER Login| Register  System Health: [l GREEN

Back to Query Form [ Save Query

Search resulted in 12 Administering Institute/Center(s). Show/Hide Search Criteria =~
CHARTS CIRCLES %™
Summary by Chart -« Projects @Project Funding @Project Publications Limit to Top §FHEY
il cowmn B ear @ rE
N
(W Projects | USE the pu”dOWﬂ |“enu tO
I h ilabl
explore other data available. ......
NIGMS uded in the
NHLBI
* Funding data available only for NIH, CDC, and FDA.
NCI Administering 3 5 Sub Project
Insttute/Contor PrI°t® 4 Total Funding  SubProjects =
NINDS NIGMS 7 $505,940
5 NHLBI [ $530,370
€
& NIbCcR NCI 4 $363,857
@
s NINDS a $355,302
5 NiMH
- NIDCR 4 $353,706
=
g NEI NIMH 3 $260,494
] NEI 2 $177,660
[
-§ NIDA NIDA 2 $241,200
=< NICHD 2 $180,370
NICHD
NIA 2 $180,000
NIA NHGRI 1 589,100
NIAID 1 $59,629
NHGRI Total 38 $3,324,718
NIAID
0 1 2 3 4 5 6 7 8 9
Projects
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If you’d like to dive deeper and read
papers resulting from the awards, click
the “Publications” tab on the Search

Search Results - NIH RePO

Department of Health & Human Services

Results.

- . \'vT—r’— ;
Research Portfolio Online Reporting Too - Search | | Q
(RePORT) -
- HOME | ABOUT RePORT | FAQs | GLOSSARY | CONTACT US
QUICK LINKS RESEARCH WORKFORCE FUNDING REPORTS LINKS & DATA
Home > RePORTER > Search Results //// Re PORT’E R Login| Register System Health: [l GREEN
- - < e > e :
SearCh ReSUItS /// | Back(oQueryFon;nj | Save Query |
- //
A ABOUTREPORTER RESULTS > | Im | PubMed | ffrri | PubMed Central | 23 | Google Scholar

PROJECTS [Vl:[N{erhyle] 5 o PATENTS DATA & VISUALIZE MAP NEWS & MORE E7

There were 58 publications supported by 58 projects from all fiscal year(s). Show/Hide Search Criteria ~.-
Records perpage [ 25 4|
Click on the column header to sort the results 123 1of3NextLast p P
Core Project Similar Cited
Title (Link to full-text in PubMed Central) Journal (Link to PubMed abstract) Authors
Number Publications By
K93HL119638 Hematopoiesis and T-cell specification as a Immunological reviews. 2016 May; 271 (1) :72- Rothenberg, Ellen V; Kueh, Hao Yuan; Yui, Mary A; Lﬂ_} ﬁﬁ
model developmental system. 97 Zhang, Jingli A
Other supporting K 3
projects
KS9DE024232 Reprogramming of avian neural crest axial Science (New York, N.Y.). 2016 Jun 24; 352 Simoes-Costa, Marcos; Bronner, Marianne E @_} 3
R identity and cell fate. (6293) :1570-3 =
Other supporting 3
projects
K99HL119638 Asynchronous combinaterial action of four Nature immunology. 2016 Aug; 17 (8) :856-65 Kueh, Hao Yuan; Yui, Mary A; Ng, Kenneth K H; @J ﬁﬁ
‘ regulatory factors activates Bel11b for T cell Pease, Shirley S; Zhang, Jingli A; Damle, Sagar S; = '.
Other supporting  commitment. Freedman, George; Siu, Sharmayne; Bernstein, (6 B & N
projects Irwin D; Elowitz, Michael B; Rothenberg, Ellen V
K393MH094409 Prior expectations about where other people are Journal of vision. 2016; 16 (3):7 Pantelis, Peter C; Kennedy, Daniel P @J flﬁ‘ﬂ
) likely to direct their attention systematically 5 5
Other supporiing.  jnfluence gaze perception. (4] 52 B
projects
KS9DE024232 The Neural Crest Migrating into the Twenty-First Current topics in developmental biology. 2016;  Bronner, Marianne E; Simdes-Costa, Marcos @J 3
Century. 116 :115-34 5
3|
KSSDE024232 Axud1 Integrates Wnt Signaling and Developmental cell. 2015 Sep 14; 34 (5) :544-  Simdes-Costa, Marcos; Stone, Michael; Bronner, L@J | Tﬁﬂ
’ Transcriptional Inputs to Drive Neural Crest 54 Marianne E 5 5
Other supporting  Formation. 3 | 3
projects
K93MHO094408 A specific hypeoactivation of right temporo- Sccial cognitive and affective neuroscience. Pantelis, Peter C; Byrge, Lisa; Tyszka, J Michael; @J ﬁﬁ
’ parietal junction/posterior superior temporal 2015 Oct; 10 (10) :1348-56 Adolphs, Ralph; Kennedy, Daniel P = =
Other supporting  gyjcys in resp to socially d (43 B3 B
projects situations in autism.
K83MH094409 Atypical Visual Saliency in Autism Spectrum Neuron. 2015 Nov 4; 88 (3) :604-16 Wang, Shuo; Jiang, Ming; Duchesne, Xavier Morin; @J ﬁﬁ
A Disorder Quantified through Model-Based Eye Laugeson, Elizabeth A; Kennedy, Daniel P; = 5
Other supporting - Tracking, Adolphs, Ralph; Zhao, Qi (3 (4
projects
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