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Who am I?

* | wanted to go into Horticultural Sciences after
high school
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Who am I?

* | came over to the USA on a swimming
scholarship
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Who am I?

BSc Environmental Sciences (Wildlife
Management)

e Student worker (Chemical inventory, greenhouse
caretaker, lab set up and tear-down, microbiology
research assistant, teaching assistant and worker at
Center for Interdisciplinary Geospatial Information
Technologies)




'- Sh’lU |I :I .l\.]?hl.I ::.t'L(l\:l:‘I-i:l:'l‘Cil.ih‘\-. IEMCES

Who am I?

« MS Biotechnology

* The comparison of Effects of Synthetic and Natural
Arachidin-3 on Rotavirus Infected Cells

* Research assistant and TA (Summer- Pre-nursing and
Concepts of Human Biology)
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Who am I?
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PhD Molecular and Cellular Biology

* Regulation of mMRNA and circRNA as a Cause and
Consequence of Aging in Caenorhabditis elegans

* Research assistant and TA (Introductory Biology Lab |
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Who am I?

* Post Doctoral Fellow in the Wylie Lab at SMU

* Engineering novel triple-tagged p53 Drosophila Strain
to enable isoform-specific fiunctional analysis.

SMC5 ‘

SMCé

* Investigating the role of the SMC5/6 complex in
regulating p53 activity, uncovering new mechanisms
of stem cell genome stability

HTS Hoechst p53R-GFP
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What is p53?

* Most commonly mutated gene
in human cancers. One of the
most well-studied genes in the .
human genome, having been

100%
cited in more than 10,000
papers since its discovery in 0%
1979 ol
ol ]‘-.. “‘jr oy
* Despite this there is still much fo | s
VY cg’,é?i‘
unknown about p53 s
G Fance

Soussi and Wiman (2015)
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What does p53 do?

|__Endogenous stress | ___Exogenous stress |
Stresses Replication stress Nutrient deprivation
~ Hypoxia : Irradiation
Reactive oxygen species Cytotoxic agents
Oncogenic activation
Activation of p53
Binding to target
genes
% T Redox
homeostasis
Responses " ' —~ :
Cell cycle arrest / / , \ Apoptosis
Senescence petabolism \ Aioptmoy
DNA damage
response

Created w/ Biorender
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How does the Wylie Lab study p53

Egg lay cage

Drosophila melanogaster
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Germiline stem cells
(GSCs)

Ovary

+ cell culture and mouse work (not shown today)

Created w/ Biorender
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How does the Wylie Lab study p53

cell death gene locus:
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pb3 cell killing mediated by a
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Adapted from: Wu, Xiaodongetal.
“Drosophila follicle cells: morphogenesis
in an eggshell.” Seminars in cell &
developmental biology 19 3 (2008): 271-
82.

p53R-GFP HTS Hoechst
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Are there other genes that phenocopy p53’s failure to activate?

FO:

F1:

RNAIi Screen workflow:

Germline GAL4 expressing line ¢

Transgenic RNAI (TRiP) line &

Germline RNAI:

p53

b ormivmnt

PR GAL4-VP1E

= )

l

Age newly eclosed female Flies for 3-5 days

\WI:MOGy). recovery 20hrs

Spontaneous p53 biosensor activity;
Phenocopies the irradiated state

\4

Failure to activate p53 biosensor after
IR stress; Phenocopies p53 null state

v

Validate with loss-of-function mutant analysis

[
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What tools are needed for our screen?

dsRNA

The siRNA or miRNA is RISC + siRNA or miRNA
recruited by the RISC bind to a complementary,
complex, unwinds, and targeted messenger RNA
incorporates into a (MRNA).

protein-RNA complex.

https:/www.umassmed.edu/rti’biclogy/rna/how-rnai-works/

RNAi Pathway

Long double stranded RNA (dsRNA) is processed
in the nucleus by drosha (RNase enzyme). The
resulting shorter dsRNA is exported to the
cytoplasm, binds to dicer (RNase enzyme), and is
cleaved into small fragments, called small
interfering RNAs (siRNAs) or microRNAs (miRNAS),
21-25 base pair RNA strands.

_'-«("_6(‘

cleaved mRNA

MRNA is cleaved in a
specific site and then
degraded in the cell,
thereby disrupting
protein synthesis of the
target gene.

GAL4 System

GALA4 driver line X UAS-target gene line
~{ Enhancer }-{ GAL4 }— —-U:g-—feene of Interest—

5

progeny
(()
~{Enhancer{GAL4 -~ —me@@®-Gene of Interest—
, , SNREVT DAS” e

Brand AH and Perrimon N (1993) Development

[



Sh’iU |I :I .I‘.lll.l ::;t'L?‘-».liwll-i:l.'lwx:.jz“ IEMCES

@

Place Tissue
in Well Plate

What is Immunohistochemistry (IHC)?
@ ® ® ®

Wash in PBS Block with BSA Place in Primary Sitat4°C
Antibody Overnight

-_-'//
C

Remove
from 4°C

Created w/ Biorender

Reporter enzyrme

orfluorochrome
@ I Labeled
Wash in PBS Place in Secondary Wash in PBS Mount on Slides Primary Antibody
Antibody
\% _-—{ Prirnary Artibody
Y, @ Antigen
— W >

Adapted from:
https://www.novusbio.com/application/ihc?srsltid=AfmBOood9kgvYY rb
XTbEBgGjZuFD5gbQBdy2mHoieNqrzpseiY 9jS0lq
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What candidates did the screen find?

Failure to Activate (+IR)

control’® p&3ror SMC6*P
p53R-GFP Readouts +IR +IR +IR
[] WT p53 response . 2< = <]
[] Agametic
. ) I Spontaneous Activity
Reg|on 1 * cuff; twin; shu; rhi
- * bam; Pl4Klllalpha
. B Failure to Activate
Region . p53 (x2); Chk2
2a/2b . ‘onrce
Germline 553
kKK
Soma " 100 — 1004 - S 197 _wawx
Reglon 3 é I [ é k% skok ok ok
L 801 80 £ ,—l —
) S 60- 60- s T[] 1
< °
“— Q
g 407 40- 5 05- 0.5-
S 201 1 204 g
o.-—-%-o . zo.o,.. o.OIITI
. . O & » O © o O N O ©
SMC6 phenocopies p53 in terms of the +|r{ S &L S F nour{ S &L S
. . o Q9 o 9 o QR o 9
“Failure to activate p53R-GFP after IR stress” phenotype! ¢ ¢ ¢ ¢

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity in the Drosophila germline stem compartment. Under revision for submission.

[
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What is the SMC5/6 complex

Maintains genome stability during DNA replication, repair, and

chromosome segregation

* Core heterodimer: SMC5 + SMC6

* Non-SMC5/6 components: Some have been shown to have
SUMO E3 ligase or ubiquitin ligase activity

* Broadly conserved

* Mutations associated with many disease states, including

cancer

* Linkto p53 activity not well established

Conserved complex that safeguards genome integrity by coordinating DNA replication, repair, recombination,
and chromosome organization, particularly under conditions of replication stress and DNA damage

Potts, Patrick Ryan, and Hongtao Yu. “Human MMS21/NSE2is a SUMO ligase required for DNA repair.” Molecularand cellular biology vol. 25,16 (2005): 7021-32.
A A . N P B - B Pebernard, Stephanie et al “Nse1 RING-like domain supportsfunctions of the Smc5-Smc6 holocomplexin genome stability.” Molecularbiology of the cell vol. 19,10 (2008): 4099-109.
Napler']ameson R’ Cai T’ Johnson A’ Wylle A.The SM C5/6 complex SpeCIﬁeS p53 activity in the DI‘OSOphI/G germl ine stem Doyle, Jennifer M et al “MAGE-RING protein complexes comprise a family of E3 ubiquitin ligases.” Molecularcel vol. 39,6 (2010):963-74.
compa rtment. Under revjsjonfor submission. Solé-Soler, Roger, and Jordi Torres-Rosell “Smc5/6, an atypical SMC complexw ith two RING-type subunits.” Biochemical Societytransactions vol. 48,5 (2020):2159-2171.
Peng, Xiao P, and Xiaolan Zhao. “The multi-functional Smc5/6 complexin genome protection and disease.” Nature structural & molecularbiology vol. 30,6 (2023):724-734.
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Do both SMC5/6 components phenocopy p53 loss?

SMC5 ‘ SMC6

Structural Components _—

100' — —

N B O ®
o ? o O
N 1 1

Percent (%)
Round Fusomes

O

HTS Hoechst pS3R-GFP

Through mutant analysis we show that p53 activity in the
germline stem cell compartment requires the SMC5/6 complex

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity in the Drosophila germline stem compartment. Under revision for submission.
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Do the non-SMC5/6 components phenocopy p53 loss?

Non-Structural Components ‘
SMC5

SMC6

HTS Hoechst p53R-GFP

: L ”'*”‘ L) - 1 - — 1 T
L X ¥ X x ¥ e
N g > Y.QQ’Q@?’\e@QP & N &

N & 3

The non-SMC5/6 components have varying effects on the “Failure to activate p53R-GFP after IR stress” phenotype

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity in the Drosophila germline stem compartment. Under revision for submission.
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How can be probe for proteins? @ SMU ot

Western Blotting

Lysis

"

Protein
denaturation

"/d

150kda y— — — —

Intact cell

ﬁyi

20kda _—— -

@HRP

Phospho protein
€. p-AXT Ser 473

——

Puromycin

-...,..

Total protein

IGF-1l == = 4 4 - -t 4

{ Sample preparation }

\ 4
[ Gel electrophoresis
\ 4

[ Membrane transfer ]

\4

{ Blocking }

\4

Primary antibody
incubation

.

Does the buffer require additional salts,
detergents or enzymatic inhibitors?

Subcellular fractionation
Native or denatured proteins

Agarose or polyacrylamide gels

Gel concentration or gradient, greater
resolution of larger/mid sized proteins

Nitrocellulose or PVDF membrane

Pore size, smaller pores may be
required for smaller targets (<20 kda)

Exclusion of buffer methanol for larger
targets

Typically BSA or milk solutions

Blocking in milk may react with
phospho-specific antibodies

High background may need variations in
blocking time or concentration

Validation of specificity, positive/negative
controls may be required

\4

Secondary antibody
incubation

.

.

Antibody may bind multiple epitopes,
protein size must be known
Phospho-specific antibodies for signalling

Dependent on 1°Ab host species
Detection method determines

\4

[ Detection }

\4

[ Analysis J

.

conjugation. i.e. ¢ inescent,

fluorescent, colourimetric etc.
Made up in previous blocking conditions

Chemiluminescent detection requires
incubation with substrate

Detection within linear range required to
prevent over saturation

Other detection methods may be required
for strong signals

divid,

Analyse either i | bands or lane

profiles
Bands should be normalised to total
protein content

https://precisionbiosystems.com/western-blot-troubleshooting-guide/

Tubulin

Ovaries Embryos_2hr Embryos_4hr Embryos_8hr

YW  SMCS YW SMCS YW SMCS5 YW SMC5

150kD_|

100kD_

S0kD

Embryos_4hr
YW SMCé

Embryos_8hr
YW SMCé

Ovaries Embryos_2hr

YW SMCé

Yw SMC6

150kD

100kD

50kD

Reporters

Regulatory
element

|
— I — s
|

Reporter gene

Reporter protein

https://www.biocompare.com/Editorial-Articles/ 6242 33-Introd uction-to-Reporter-Cell-Lines/

IHC
®

Place Tissue
in Well Plate

@

Place in Primary
Antibody

®

Sitat 4°C
Overnight

©)

Wash in PBS

®

Block with BSA

—

(
®

Remove
from 4°C

@

Wash in PBS

Place in Secondary
Antibody
- ]

®

Wash in PBS

Mount on Slides

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity

inthe Drosophila germline stem compartment. Under revision for submission.

Created w/ Biorender



Is p53 present in SMC5 and SMC6 mutants? @ SMU Jiiii..
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p53 present and localized normally, however, p53 is defective for transactivation

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity in the Drosophila germline stem compartment. Under revision for submission.



Cell cycle
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Gap 2 (G2)

After DNA synthesis, G2 serves as a
preparatory phase before mitosis.
Key proteins expressed in G2 include
CDK1, cydins A, B and F, MYT1,
WEE1, PLK1, and FOXM1.

Mitosis (M)
There are several notable proteins that are
required to initiate and complete the stages of
mitosis. Among these are APC/C, CDK1, cydin
A, CDH1, AURKB, and Histone H3.

DNA content @%

The amount of cellular DNA,
which is doubled in G2/M
relative to G1/GO, can be used to
distinguish cell cycle stages.

Gap 0 (GO)

From the G1 phase, quiescent,
senescent, or differentiated cells can
enter GO. Diminished levels of
certain proteins such as Ki-67 and
FOXM1 are hallmarks of this phase.

DNA Synthesis (S)
DNA replication proteins—such as CDC45,
MCMs, and PCNA—are activated and
expressed in the S phase. Key proteins
needed to transition into this phase include
SKP2, CDK2, CDC25A and Cyclin E.

Gap 1 (G1)

Following cell division, cells in G1 grow
and prepare for DNA synthesis. Notable
proteins expressed in G1include APC/C,
CDH1, Cyclin D/E, CDK2/4/6, RB1,
RBL1/2, p15, p16, p18, p19, and CIP/KIP.

https://media.biocompare.com/m/37/article/619156-cell-cycle-markers-figure jpg
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OH OH
Thymidine

‘-bromo-2'-deoxyuridine (BrdU)

hitps://static.bio-rad-antibodies.com/blog/post-images/thymidine-vs-brdu.jpg

&

SO0 DNA

Y First antibody

4 Second antibody

https://link.springer.com/protocol/10.1007/978-1-0716-2736-5_16
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Brdu Hoechst

Are cell cycle kinetics impaired?
. o 3 & WT
Brdu Negative Brdu Positive ® 53+
sSMC5"
® sMmce™-

)
=

=
=

Percent (%) region 1 BrdU incorporation

I 1
no IR 4hr 24hr T2hr

+IR

p53, SMCS5, and SMC6 mutants display delayed re-entry into the cell cycle after irradiation

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity in the Drosophila germline stem compartment. Under revision for submission.
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« SMC5/6 is required for p53 activity in GSCs

* |s SMC5/6 required for p53 activity in the soma?

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity in the Drosophila germline stem compartment. Under revision for submission.



Profiling the SMC5/6 complex in the soma @ SMU v
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SMC5/6 complex is dispensable for p53 activity in the irradiated soma

Napier-JamesonR. Cai T. Johnson A. Wvlie A. The SMC5/6 complex specifies p53 activity in the Drosophila sermline stem compartment. Under revision for submission.



How can we enrich in GSCs? @ SMU miio.

Key changes acquired (e.g.
Rbfox1, Bgcn)

S

Stem cell Proliferative phase

°)

Terminal
differentiation

Bam expression

Differentiation

https://doi.org/10.1038/s44318-024-00070-z

 If bam is mutated a failure to
differentiate/over proliferative
phenotype occurs

» This is classified as an “oncogenic
like” stress

Dennis McKearin,Benjamin Ohlstein, A role for the Drosophila Bag-of-marbles protein in
the differentiation of cystoblasts from germline stem cells, Development, 1995, Fig. 5.
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Is SMC5/6 required for p53 activity triggered by
deregulated growth in the stem cell compartment?

- 0207 =2EE
- bam®SMCS5 .
2 s | .
S 8 0.15-
o 3
O S '
T = 0.101 l
©
o @ .
L T 0.05- .
@ g :;o
! = 3t
% 0.00 T
Ty, &\@ o
&
,o'b

The SMC5/6 complex is required for p53 response to uncontrolled stem cell proliferation

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity in the Drosophila germline stem compartment. Under revision for submission.
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| RNA Sequencing

Fragment RNA into Convert RNA fragments
@ Isclate RNA from samples sho?'t segments @ into cDNA :
12330 — LSS
Ligate sequencing @ . @ Map sequencing reads to
adapters and amplify Perform NGS sequencing the transcriptome/genome

[T ,\/ S—._ —
[T — —
JEEEELERRRARERRRRN @ [—v e —_—
TTT] |~u‘vr"' \l Exon
1111} O Intron

https://microbenotes.com/rna-sequencing-principle-steps-types-uses/



What is RNA-seq? ) SMU omcower .

Sequence pipeline

Sample Quality Library Quality Data Quality
Control Control Control
. : . : Bioinformatics
Sample Preparation —————— Library Construction Sequencing

Analysis

Directional library construction pipeline

mRNA

'

Fragmentation

'

Reverse transcription

'

Second strand cDNA
synthesis(Use dUTPs to
replace dTTPs)

'

End repair & A-tailing

|

Adapter ligation

|

Size selection

|

PCR amplification (DNA
polymerase doesn't
amplify the template

containing dUTP) N(gvogene | Advancing Genomics, Improving life
[ &



What is RNA-seq? ) SMU omcower .

Data generation pipeline

Raw Data
l Error Rate Distribution
Data QC GC-Content Distribution
Data filtration
Reads Distributionin l Data Filterin Remove reads
Reference Genome & Raw Reads EEEEE— Rempve reads e Rer!"‘?"e reads —— > Qscore of over 50%
Mapping to containing adaptors containing N > 10% base blow 5
Visualization of Reference Genome
Mapping Results |
Distribution of gene l

Expression Levels Gene Expression

Quantification

Correlation Differential Gene
Analysis l Volcano Map
Principal Differential Expression ;
Component Analysis Analysis Cluster Analysis
Coexpression Venn l Venn Diagram of
Diagram Differential Gene
Functional Analysis
|
I I | |
f . GSEA Protein-protein
GO Enrichment KEGG Enrichment Enrichment Interaction Analysis

N(gvogene | Advancing Genomics, Improving life
ta



What transcriptomic changes do we see when enriching in GSCs?
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We see many
transcriptomic changes
(but nothing that really stands out)

Napier-Jameson R, Cai T, Johnson A, Wylie A. The SMC5/6 complex specifies p53 activity in the Drosophila germline stem compartment. Under revision for submission.



Conclusions SMU. Bacoer

* Our biosensor provided a unique opportunity to explore tissues specific

P53 activity

* SMC5/6 requisite factor for p53 activity in the germline stem cell

compartment

* SMC5/6 is dispensable for p53 activity in somatic cells

Why is the SMC5/6 complex preferentially
required for p53 activity in GSCs?



Future directions SMU. Bmcomer,

* Hopefully gain more mechanistic insights in terms on p53/SMC5/6:
* Inwhat stressor and tissue specific circumstances is each component required for p53 activity?
* Whatrole(s) may the complex enabled PTMs play in p53’s activity/specificity?
* Can we find more meaning in our RNA-seq data?
* Does SMC5/6 effect p53 occupancy?
* Is p53 part of the SMC5/6 complex?

« SMC5/6 has recently been implicated in cancer... can our studies help illuminate p53 & SMC5/6 biology
that is important for tumor suppression?

* Arethere other factors that specify p53 tissue specific activity?
* p53 triple tag project (still ongoing)

Hopefully, we can elucidate how SMC5/6 facilitates tissue
(and stress) specific p53 responses

p53 is the cell’s master guardian against DNA damage and cancer, understanding how it works
and fails, provides critical insights into tumor development, aging, and potential therapeutic strategies



Thanks and questions SMU. Do s

People Collaborators
Wylie Lab Abrams Lab (UTSW)
 Annika Wylie * Amanda Jones
* Ting Cai * Dan Fan
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* Justin Wright

e Chelsea Barns
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* AinsleyJohnson
* Elaine Aredo =% CANCER PREVENTION & RESEARCH 5““
e INSTITUTE OF TEXAS v
* Jerry Wang

* Alex Wang
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A special thanks to Dr. Heidi Wu for the invitation to talk at today's workshop
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Could isoforms account for some of the tissue §pecificity?..

B A E

Transactivation DNA Binding Oligomerization

|Hp53a

| Hp53aA40
|Hp53aA133
| Hp53aA160

Human p53
12 isoforms

R175H 4 R248Q 4R282W
G245S R273H

3 7 Wylie A, Jones AE, Das S, LuWJ, Abrams JM. Distinct p53 isoforms code for opposingtranscriptional outcomes. Dev Cell. 2022 Aug
8;57(15):1833-1846.€6. doi: 10.1016/j.devcel.2022.06.015. Epub 2022 Jul 11. PMID: 35820415; PMCID: PMC9378576.



Generating isoform specific p53 loss of functiof alleles . ....

B A E

Transactivation DNA Binding Oligomerization

target DNA
‘::IIIIIIIIIIIIIIIIIIIIIIII\

o«

PANMAN LTI

5 LEELEEREREERR R e

guide RNA T

Cas9
3 Wylie, et al. Dev Cell 2022
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Profiling p53 isoforms function in tissue-specific transactivation...

Transactivation DNA Bindina Oligomerization

I 0 [
I 00 ]

% Ny +IR

B required in GSCs (germline)

A required in embryos (soma)

Wylie, et al. Dev Cell 2022

Could SMC5/6 be a p53 isoform specific modulator?
39
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Jumping genes (Transposons)

If cutoff (cuff) is mutated, the piRNA system
o is disrupted and a hyperactive
: \\'\ ‘”]9";’ retrotransposon phenotype is generated

S\ \\\ P
}\\ \\u

-~
uni-strand dual-strand
NS piRNA clusters piRNA clusters
/ P N ' Del__ Cuff
/ RNAPOI Il pa)y o) RN S
? ‘ ; ¥
,‘\ } ’ — CBC \ cBc s Cuff ‘ Crff
A A . i
\\ \\“” 4 = cBe cBC
- Yanling Zhao : ;
- Trudi Schupbach & ' o3’
(/ "1\ ° CBC (A),-, i I————————5
/// » THE ROLE OF CUTOFF IN | : |
/ SN PIRNA BIOGENESIS AND N | T
Z /. 1 \\ TRANSPOSON SILENCING e
J / \\“ ‘ IN THE DROSOPHILA GERMLINE :
canonical transcription
5y CBC binding i
* splicing =
<k poly-adenylation —

Credit: Memorial Sloan Kettering Cancer Center.

https://ars.els-cdn.com/content/image/1-s2.0-
S0092867414006035-fx1_Llrg.jpg

*ISBN-13 : 978-3639346220



But the plot thickens... 0 SMU oo
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Chelsea Barnes

41 Its not only tissue specific but stress specific too!
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