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Abstract

Cancer can be defined as an unbalance between cell proliferation and apoptosis.
The PI3K/AKT signalling pathway is one of the most mutated pathways in cancer and is
involved in cell growth and survival. The transcription factor FOXO3a is a critical
effector of this pathway and its inactivation by AKT prevents the expression of genes
involved in cell cycle arrest and apoptosis. The TRIB2 protein was found to be a repressor
of FOX03a, and over expressed in many types of cancer. Importantly, TRIB2confers
resistance to PI3K inhibitors which are being tested in clinical trials.

This work shows that following PI3K inhibitor treatment, there is an increase of the
TRIB2 protein levels by reducing proteasomal degradation. Furthermore, the TRIB2
COP1 binding domain is critical for AKT activation and subsequent FOXO repression.

Altogether, our results provide insight into the mechanism underlying TRIB2
mediated tumorigenesis and drug resistance implicating the binding and activation of
AKT and suggests a role of TRIB2 in acquired resistance against PI3K inhibitors.

Keywords — Cancer, Melanoma, TRIB2, FOXO3a, PI3K signalling, MDM2



Resumo

O Cancro é caracterizado por uma proliferacdo celular descontrolada oriunda de
danos e/ou mutacdes no ADN. Estas alteragcdes surgem na grande maioria de erros durante
0 processo de replicagdo, falhas nos mecanismos de reparacdo, exposicdo a fatores
ambientais ou a agentes cancerigenas. Existem seis alteracfes esséncias que uma célula
normal submete-se na transformacao em célula tumoral: evasdo a supressores externos de
crescimento celular, sinalizacdo constitutiva de proliferacdo, evasdo a apoptose (morte
celular programada), capacidade prépria de induzir angiogénese (producdo de novos
vasos sanguineos), potencial replicativo ilimitado que torna a célula “imortal” e
capacidade metastatica de invadir outro tecidos. Recentemente, mais quatro
caracteristicas foram adicionadas, sendo elas: evasdo ao sistema imunitario, instabilidade
gendémica, desregulacdo do balanco energético celular e capacidade de inflamacdo

indutora de tumores.

O Cancro € uma das maiores ameacas & saude humana a nivel mundial. Dentro dos
tipos de cancro mais preocupantes esta o cancro de pele, mais especificamente o
Melanoma. Esta forma agressiva de cancro de pele desenvolve-se a partir de melandcitos,
células especializadas na producdo de melanina. Embora este tipo de cancro de pele seja
uma minoria (menos de 5% dos casos totais), &€ um dos mais letais, sendo responsavel por
aproximadamente 80% de todas as mortes devido a cancro de pele. Com a sua incidéncia
dentro da faixa etaria dos 30 aos 60 anos, em particular em pessoas de pele mais clara. O
facto de cada vez mais surgirem casos de jovens entre os 25-29 anos é alarmante. O
aumento anual da sua incidéncia tém-se refletido numa subida na taxa de mortalidade

associada a este tipo de cancro.

Esta doenca oncoldgica é extremamente agressiva e heterogénea, com varios
subtipos histoldgicos e perfis mutacionais. Adere-se o problema que os tratamentos
convencionais sdo pouco eficazes e as drogas mais recentes que conseguem ter resultados
tornam-se ineficazes devido aos tumores adquirirem resisténcia num espago de meses. A

totalidade destes factos confere aos pacientes um prognostico pessimista.

Devido a estes factos, a investigagdo cientifica tém-se empenhado em perceber 0s
mecanismos moleculares afetados por esta patologia e em como esse conhecimento pode

auxiliar na producio de tratamentos mais eficazes. E o caso da via de sinalizagio de PI3K,



que se verificou ser desregulada em Melanoma, que levou ao desenvolvimento de

inibidores capazes de reverter esta alteragdo, como BEZ235.

A via de sinalizacdo de PISK/AKT é importante na regulacéo de diversos processos
bioldgicos, tais como proliferacdo celular, metabolismo, crescimento celular e apoptose.
Esta via é ativada pela ligacdo de fatores de crescimento ao recetor de tirosina quinase na
membrana celular. Este recetor, através de fosforilacéo, ativa PI3K que converte fosfatidil
inositol 4,5-difosfato (PIP2) em fosfatidil inositol 3,4,5-trifosfato (PIP3). Este processo é
regulado negativamente por PTEN, uma fosfatase que tem como substrato PIP3. O
aumento de PIP3 recruta AKT para a membrana, fazendo com que seja ativado por outras
quinases através de fosforilacdo dos seus residuos Treonina 308 e Serina 473. Ap0s esta
ativacdo, AKT fosforila varias moléculas alvo no citoplasma e no nucleo, como por
exemplo p27, BAD, GSK3, MDM2 e FOXO.

Os fatores FOXO sdo uma familia de fatores de transcri¢cdo que funcionam como
ativadores ou repressores, dependendo dos seus cofatores a quando da sua ligacdo ao
ADN. Esta familia é fundamental em processos como apoptose, metabolismo,
diferenciacéo celular, inflamacdo, proliferacdo e resposta ao stress oxidativo.

O fator de transcri¢do p53 € responsavel pela regulacdo de varios genes envolvidos
em apoptose, paragem do ciclo celular, senescéncia, metabolismo e autofagia. Devido a
estas funcdes, ¢ considerado o “guardido do genoma” e o seu papel contra o
desenvolvimento tumoral é bem conhecido. O p53 é regulado por MDM2, uma ubiquitina
ligase responsavel pela sua ubiquitinacdo e consequente degradacdo proteossomica. Na
verdade, p53 e MDM2 exercem um feedback loop, sendo que o gene de MDM2 é um dos

alvos de p53, mantendo assim os niveis de p53 constantes dentro da célula.

O TRIB2 é um gene que tem sido associado ao desenvolvimento de cancro e foi
recentemente considerado um biomarcador para o progndstico e para a progressdo de
Melanoma. A sua sobre expressdo proteica afeta negativamente os tratamentos
convencionais a este tipo de cancro. Também esta implicado na regulacdo negativa de
FOXO. Dado que este fator de transcricdo € uma das vias que as drogas usadas nas
terapias utilizam para exercer efeitos citotoxicos e/ou citostaticos sobre as ceélulas
tumorais, a regulacdo que TRIB2 exerce sobre FOXO evidencia o seu papel na resisténcia

a quimioterapéuticos (como o classico DTIC ou o inibidor BEZ235).

\



Pesquisas antecedentes feitas pelo nosso grupo laboratorial demonstraram que o
uso de inibidores de PI3K estabilizam os niveis proteicos de TRIB2 e que existe uma
interacdo entre TRIB2 e AKT. Neste trabalho, procuramos perceber como TRIB2 é

regulado dentro da célula e como interage com a via de sinalizacdo PI3K/AKT.

Durante a nossa investigagdo constatdmos que os niveis proteicos de TRIB2 eram
estabilizados na presenca de inibidores de PI3K devido a um decréscimo da sua
degradacéo proteossomica. Isto implica que a via de sinalizacdo de PI3K esta envolvida
na modificacdo translacional de TRIB2 necesséria para a sua degradagdo. Os mecanismos
envolvidos nesta degradacdo e 0s seus participantes permanecem desconhecidos. No
entanto, estes resultados conseguem demonstrar como TRIB2 influencia a resisténcia a

drogas, como verificado nos casos de Melanoma.

Também observamos que a interacdo entre AKT e TRIB2 é feita através do dominio
de ligacdo a COP1 existente na zona C-terminal de TRIB2. Verificamos que esta
interacdo implica um decréscimo na expressao de genes envolvidos em apoptose e em
paragem do ciclo celular como FasLG e p27, respetivamente. Estes resultados evidenciam
que a interagdo entre AKT e TRIB2 esta relacionada com a regulagéo negativa de FOXO.
Como confirmacao, avaliamos os niveis proteicos de p27 e BIM, genes regulados por os
fatores FOXO. Estes resultados implicam que TRIB2 funciona como uma proteina

scaffold ou adaptadora, que permite a ativacdo de AKT no residuo Serina 473.

Em conjunto, estes resultados demonstram como a regulacdo de TRIB2 e a sua
interacdo com AKT auxiliam as células tumorais a adquirirem resisténcia a
quimioterapéuticos, ndo sé no tratamento de Melanoma mas em outras patologias

oncologicas onde a via de sinalizacdo de PISK/AKT esteja alterada.

Palavras-chave: Cancro, Melanoma, TRIB2, FOXO3a, via de sinalizacédo de
PI3K, MDM2
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1. Introduction

1.1- Cancer

Cancer is characterized by unregulated cell proliferation typically arising as a result
of DNA damage/mutations. Typically this occurs by environmental factors such as
ultraviolet radiation, diet, pollution or viral infection. However, these can also occur
through punctual mutations, errors in replication and/or by failings in the cell’s DNA

repair machinery (1).
The hallmarks of cancer describe the necessary, minimum genetic alterations that a
normal cell must undergo to become transformed (1). These include the evasion of growth
suppressors, constitutive proliferative signalling, the avoidance of apoptosis
(programmed cell death), the capacity to induce angiogenesis (formation of new blood
vessels), replicative immortality and activating invasion/metastasis (1). These six were
the original principal hallmarks
o] ot however since these were described,

four additional hallmarks have been

incorporated. These are avoiding

Total Incidence

immune  destruction,  genome

400 { == instability, deregulating cellular

Female Incidence

energetics and tumour-promoting

- Male Mortality

| — \ inflammation (1)
Total Mortality

- A Cancer in general is a major

Female Mortality

Rate per 100,000 Population

health issue world-wide. According
to the World Health Organization
' 1; 1‘)'80 ‘0‘35 '?l'«? |G".'S .’CICO Zf;:": 3\;” (WHO)l 8'2 mi”ion people dled Of

Yeat of Dlagnosis/Death cancer world-wide in 2012 and 30 %

Figure 1.1.1 - Trends in cancer incidence and mortality Of cancer cases can be prevented.
rates. Trends for both sexes in the United States from 1975 ] ] .
to 2011. Adapted from Siegel et al.; Cancer Statistics, 2015; With the increase of life expectancy,
CA CANCER J CLIN 2015;65:5-29 - i
the likelihood of developing any
type of tumour also increases (Figure 1.1). Combined with an improvement in detection
technics, there was a rise of cancer incidence (2). In compensation, the advances in
treatments have allowed to lower the mortality rate.
The tumorigenesis process can be influenced by many factors such as genetic

susceptibility and lifestyle, leading to a heterogeneity of tumours amongst patients. Even



the contribution of a person’s diet to the development of cancer is not yet fully
understood. To add to the problem, there are many examples of tumour resistance to most
treatments.

The first step in the standard treatment for a majority of cancers is surgery (if the
tumour is located within an operable region). Assuming that the tumour can be removed,
the patient will be subjected to adjuvant treatment that includes radiotherapy and/or
chemotherapy. Radiotherapy consists of using radiation to damage the DNA and kill any
actively dividing cells (including both normal and tumour cells). Chemotherapy uses
drugs to achieve the same objective. Chemotherapy must take in consideration many
factors such as type of cancer, its extent and localization. Both types of treatment are
given in cycles to allow the patients to recover from the inherent toxicities of these
therapeutic approaches.

The greatest problems in the treatment of cancer are late diagnosis, poor patient
response to treatment and the re-emergence of resistant cancer cells following a variable
remission period. Many patients are treated with a combination of chemotherapeutics and
still have little to no objective response to therapy. Furthermore, the patients that do have
a measurable response typically acquire resistance to treatments in a short period of time.
This delay between remission and the emergence of resistant cancer cells is highly
variable and is dependent on the type of cancer. Consequently there has been a great focus
in developing new therapeutic agents and modalities. One of this new treatments is
immunotherapy. This modality is based upon the interplay between the tumours and the
microenvironment where they are located. Immunotherapy can be used to increase the
patients’ immune system to recognise and subsequently eliminate the cancer cells (3). As
cancers harbour many genetic mutations, a number of some tumours have proteins that
can be recognize as foreign antigens (4). While promising, most tumours are identified as
“self” by the host and thus are able to escape immune system detection. The use of
targeted molecules capable of inducing an antitumour immune response can help gain a
chemotherapeutic effect, by “boosting” the detection capabilities of the immune system
(3).

Another approach to cancer treatment is targeted therapy. By investigating the
aberrant molecular pathways in cancer, many therapeutic targets have been identified.
These potential targets must be as exclusive to the tumour cells as possible to avoid
indirectly affecting any normal cells exposed to the therapeutic. Many such

chemotherapeutics have already been developed and have proven to be considerably more

2



effective than the previous non-specific drugs. A prime example is Gleevec© (Imatinib)
that targets the mutant fusion protein Bcr-Abl and is used for the treatment of leukaemia.
Another example is Vemurafenib that can inhibit the kinase of the mutation B-RAF600E
and is used to treat metastatic melanoma (5). The greatest advantage of targeted therapy
is that allows to develop a personalized treatment for each patient according to the
“characteristics” of their tumour. These (and others) are extensively reviewed in

Shtivelman et al. (6) .

1.2- Melanoma

Melanoma is a type of skin cancer with its origin in mutated melanocytes. Although
a minority amongst the other types of skin cancer (constituting less than 5% of all skin

cancer cases), melanoma is responsible for over 80% of all skin cancer deaths (4).
In the last decade, the incidence rate of melanoma has dramatically increased with an
average increase of 3-8% per year that continues to rise annually (7). In the United States
alone, there will be an estimated 73870 new cases and 9940 deaths for just 2015 alone
(2). Men are more prone to develop malignant melanoma (1 in 34) than women (1 in 53).
This is thought to be due to
& sex-specific behaviour and
i environmental exposure

: differences (2).

Melanoma is a
malignant ~ neoplasm  of

melanocytes, cells specialized

| geatooeoms in producing melanin (skin

Stage 3

e | pigment) that are localized
:Tumummueew 4 1
Stage0 | Stagel | wihuerton | I | s b FTAE
‘ | i | . o within the basal layer of the
e e 222 R W 0 OO Y
or 0.5mm | ! o 1 - .
lwnmmm): | Lymph nodes ! Oterpats  Lier Lungs 1 epldermls (8) The
l i | , Oftheskin 1
transformation of

Figure 1.2.1 — Progression of skin cancer. Squematic of Melanocytes can arise from
histologic progress of melanoma throughout its many stages multiple sources such as
accumulation of genetic alterations, interaction between environmental factors and
impaired DNA repair. Melanoma spreads along the epidermis initially and as the tumour

develops it invades in depth through the skin layers (Figure 1.2).



The primary method to recognize a suspicious cutaneous lesion as early melanoma
is the ABCDE acronym (asymmetry, border irregularity, colour variegation, diameter and
evolving lesions) (8). This method is useful in early detection but it is limited since it
cannot evaluate melanomas with vertical growth. This approach is complemented by
dermoscopy, a non-invasive procedure that aids in the visualization of sub-surface
structures (8).

The staging of melanoma involves many parameters. Initially melanoma is
classified based on the thickness (T), the number of lymph nodes affected (N) and the
number of metastases (M) (9). Disease stage also takes in consideration ulceration, the
rate of mitosis (expressed in number of mitosis per square millimetre of primary tumour)
(8) and the levels of lactate dehydrogenase (LDH). The TNM categories are then
combined to perform a stage grouping. These are summarized in Table 1.2.1, 1.2.2, 1.2.3
and 1.2.4.

Classification T | Thickness (mm) Ulceration Status/Mitoses
Tis (in situ) NA (not applicable) NA
a : whiteout ulceration and mitoses < 1/mm?
T1 <1,00 - - - 5
b : with ulceration or mitoses > 1/mm
T2 1,01 2,00 a: vyhl'[_eout ulcer_atlon
b : with ulceration
T3 2,01 4,00 a: vyhl'[_eout ulcer_atlon
b : with ulceration
T4 4,00 a: vyhl'[_eout ulcer_atlon
b : with ulceration

Table 1.2.1- Tumour thickness classification. According to the 7" edition of the Melanoma staging
system by the American Joint Commission on Cancer (AJCC).

Classification it Serum LDH (lactate
ite
M dehydrogenase)
MO No distant metastases NA

Distant skin, subcutaneous
Mla Normal

or nodal metastases

M1b Lung metastases Normal
All other visceral
M1lc Normal
metastases
Any distant metastases Elevated

Table 1.2.2 — Lymph nodes classification. According to the 7" edition of the Melanoma staging
svstem bv the American Joint Commission on Cancer (AJCC).



CIaSS|;‘\|Icat|on No. of Metastatic Nodes Nodal Metastatic Burden
NO 0 NA
N1 1 a: Micrometastasi_s
b : Macrometastasis
a : Micrometastasis
N2 2_3 b: Macrometastasis _
¢ : In transit metastases/satellites
without metastatic nodes
4 + metastatic nodes, or matted
N3 nodes, or in tr.ansit _
metastases/satellites with
metastatic nodes

Table 1.2.3 - Metastases classification. According to the 7™ edition of the Melanoma staging
system by the American Joint Commission on Cancer (AJCC).

Classification | 5 year survival
T N M rate

Stage Characteristics

Carcinoma in situ (in epidermis )
0 ) Tis | NO | MO 99 — 100 %
and has not spread to dermis)

_ Tla | NO | MO
Lesions up to 2 mm but no A—-95%

| A/B _ Tib | NO | MO
nodal or distant metastases B-88-92%

T2a | NO | MO

T2b | NO | MO
Lesions greater than2mm,no | T3a | NO | MO | A-77-79%
Il A/B/IC positive nodes or distant T3b | NO | MO B-61-70%
metastases T4a | NO | MO C-43-45%

T4b | NO | MO
_ - | TX [ N1 |MO| A-57-73%

Lesions of any size with positive

I11 A/B/C Tx | N2 | MO B-41-57%

lymph nodes
TX | N3 | MO | C-20-34%

Lesions of any size with distant
v Tx | Nx | M1 5-22%
metastases

Tablel.2.4 — Melanoma staging. According to the 7" edition of the Melanoma staging system by
the American Joint Commission on Cancer (AJCC) and respective five-year survival rates.

Of all diagnosed melanomas, 90 % are superficial spreading melanoma, nodular

melanoma and lentigno malignant melanoma (that are common in the elderly) (10). The



remaining are acral lentiginous melanoma (palms of the hands and soles of the feet) or
non-cutaneous melanomas (ocular, mucosal) (10).

The standard treatment for advance melanoma has for many years been
Dacarbazine (DTIC) that was approved by the Food and Drug Administration (FDA) in
1975. Until 2011, DTIC used in combination with interleukin-2 (IL-2) was the only
approved treatment for metastatic melanoma (4). Importantly, DTIC only has an average
12% response rate (RR). In Europe, some countries use fotemustine as a 1 line therapy
because this nitrosoureas drug has shown a RR of 12-27% (4).

In 2011, Ipilimumab, a safer therapeutic has been approved. Ipilimumab is a
recombinant monoclonal antibody raised against the cytotoxic T-lymphocyte associated
antigen 4 (CTLA-4) that can help the immune response to tumour antigens (11). CTLA-
4 acts as an “immune checkpoint” that downregulates T-cell activation and prevents auto-
immunity (3). By blocking CTLA-4, Ipilimumab allows the re-establishment of the
proper interaction between T-cell and the antigen presenting cell (10). Many clinical trials
with Ipilimumab showed an increase in overall survival (OS) of patients independent of
age, sex, stage of tumour or previous treatment(s) (4).

Another group of successful chemotherapeutics is signal transduction small
molecule inhibitors such as Vemurafenib, Dabrafenib and Trametinib. The first two are
inhibitors of oncogenic BRAF-V600 protein kinase approved by the FDA in 2011 and
2013, respectively (10). Since 40 — 50% of melanomas harbour a BRAF mutation, these
drugs can oppose its oncogenic activities. Trametinib acts in similar way but it inhibits
MEK, a substrate of BRAF (10). Despite good initial responses to these treatments, many
tumours develop resistance to these inhibitors (4). Consequently, the investigation to

increase the treatment “arsenal” and its many combinations remains imperative.

1.3- The PI3K/AKT pathway

Overall, DTIC has a very poor response rate in the majority of melanoma patients.
As such, researchers are trying to identify common conserved mutations in deregulated
signalling pathways in cancer that could be therapeutically targeted. One such pathway
that has demonstrated a very high number of potential “drugable” molecules is the
PI3K/AKT pathway.

The PIBK/AKT pathway is a highly complex, critical cellular network involved in
cell proliferation and survival (schematically represented in Figure 1.3.1) (12). This

pathway is one of the most frequently mutated pathways (for example, the loss of PTEN)
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in many human cancers where there is the constitutive activation of phosphatidylinositol-
3 kinase (P13K). In non-transformed cells, following growth or other proliferative signals,
PI3K phosphorylates inositol phospholipids generating phosphatidylinositol 3, 4, 5-
trisphosphate, (PIP3). PI3K is a heterodimer that is composed of a catalytic subunit (p110)
and a regulatory subunit (p85) (13). Typically PI3K is activated by either a receptor
protein tyrosine kinase (RPTK) or a G-protein coupled receptor (GPCR) (13). The
conversion of the plasma membrane lipid PI(4,5)P2 (PIP,) into PIP3 by active PI3K is
extremely rapid (normally within seconds) (12). Once generated, PIP3 specifically binds
to at least two distinct protein-lipid binding domains, principally the FYVE (Fab-1,
YGLO23, Vps27 and EEA1) domain and/or pleckstrin homology (PH) domains (14).
These PH domains are present in many proteins including the protein kinase B (PKB, also
known as AKT) and the serine/threonine kinase 3’-phosphoinositide-dependent kinase 1
(PDK1) (12).

Receptor Tyrosine Kynases (RTK)

p53 Bcl-2 CD9sL B-Catenin p70S6K 4EBP

Figure 1.1.1 — Schematic of the PISBK/AKT pathway. Activation of RTK leads to recruitment of PI3K to
the membrane and activation of the catalytic subunit. This initiates production of PIP3, which in turn
recruits PDK1/2 and AKT. Activated AKT uses phosphorylation to activate and inhibit many different
targets involved in cell survival, growth and proliferation. PTEN is a negative regulator of the pathway by
converting PIP3 back to PIP2.

AKT is a 57 kilo-Dalton serine/threonine kinase that acts by the phosphorylation of
downstream protein targets. Mammalian species possess 3 AKT genes: AKT1, AKT2 and
AKT3 (15). However their protein expression varies in a tissue-specific manner. AKT1
expression is very high in brain, heart and lung. In contrast, AKT2 protein expression is
highest in skeletal muscle and embryonic brown fat tissue (16). AKT3 is predominantly

expressed in brain, kidney and embryonic heart(17).



Following AKT/PIP3 binding, AKT is activated by PDK1 and is phosphorylated at
the threonine 308 residue (Thr308) (18). A secondary phosphorylation occurs at serine
473 (Ser473) by the action of different kinases such as mammalian target of rapamycin
complex 2 (mMTORC2) and integrin-linked kinase (ILK) (19). Although a dual
phosphorylation is necessary for a full activation of AKT, a Thr308 p-AKT is still capable
of phosphorylate some but not all of its substrates.

The active AKT is translocated (by a currently unknown mechanism) from the cell
membrane into the cytoplasm and from here, into many others cellular compartments
(including the nucleus, Golgi, endoplasmic reticulum and mitochondria), where its target
substrates are located (19,20). Once activated, AKT inhibits the GSK3 (glycogen
synthase kinase 3) protein by direct phosphorylation (20). With GSK3 inhibition, its
targets such as B-catenin are not phosphorylated, which impedes their degradation. This
allows B-catenin to translocate to the nucleus, where it interacts (both directly and
indirectly) with transcription factors to regulate the expression of several genes such as
cyclin D1. Cyclins are proteins which are involved in cell cycle checkpoints, in
combination with cyclin-dependent kinases (CDKS) to regulate the cell cycle (21). The
cyclin D1 protein is very important because not only is it a positive regulator for the G1/S
checkpoint transition in the cell cycle, but it is also a direct target of GSK3p (22). Cyclin
D1 binds to CDK4, forming a cyclin/CDK complex that phosphorylates the
retinoblastoma protein (Rb). The phosphorylation of Rb leads to the activation of genes
required for the cell cycle progression (23). As such, AKT can positively regulate G1/S
cell cycle progression through inactivation of GSK3f3 and nuclear accumulation of cyclin
D1.

AKT can also stop the inhibition of Cyclin/CDK complexes by the phosphorylation
of p21Wai/Cirl (n21) and p27XP? (p27) (24,25). Once phosphorylated, the p21 protein is
retained in the cytoplasm and cannot inhibit the cyclin D-CDK4 complex while p27 is
relocated from the nucleus into the cytoplasm, preventing p27-mediated inhibition of
cyclin E-Cdk2 and cyclin A-Cdk2 (19).

AKT can also affect protein synthesis through regulation of mMTOR (mammalian
target of rapamycin). The mTOR protein is a serine/threonine kinase that exists in two
different protein complexes: mMTORC1 and mTORC2 (26). Among its components, a
relevant difference between them is the Raptor (regulatory-associated protein of mTOR)
accessory protein in complex 1 and Rictor (rapamycin-insensitive companion of mTOR)

accessory protein in complex 2 (26). mTORCL1 can elevate mRNA translation by
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activating the p70 ribosomal protein S6 kinase (p70S6K1) and inhibiting the repressor
elF4E-binding protein (4E-BP) (27). The regulation of mTORCL1 is by the tuberous
sclerosis complex (TSC), a heterodimer of hamartin (TSC1) and tuberin (TSC2). The
TSC acts as a GTPase-activating protein (GAP) that negatively regulates Rheb (RAS
homolog enriched in brain), a small GTPase that is required for mTORCL1 activation (27).
AKT can phosphorylate TSC2, impeding the formation of the TSC complex and leading
to the activation of mMTORC1.

Another interesting interaction between AKT and mTOR is through the mTORC2.
This complex can regulate metabolism, cytoskeleton (28) and it can also phosphorylate
AKT at Ser473 (26,27). Additionally, mTORC2 can phosphorylate the Thr450 residue
upon the translation of nascent AKT, implying that mTORC?2 activity is regulated by
signals that promote AKT translation (28).

AKT can also promote cell survival by activating the cyclic AMP-response element
binding protein (CREB). Phosphorylation of CREB induces the binding of accessory
proteins that are needed for the transcription of anti-apoptotic genes, including Bcl-2 (B-
cell lymphoma 2) and Mcl-1 (myeloid cell leukaemia 1) (19). Related to this function,
AKT can affect apoptosis by the phosphorylation of BAD (Bcl-2-associated death
promoter). Bad controls the release of cytochrome ¢ from mitochondria to initiate the
caspase cascade, a process that is critical for the induction of apoptosis (12). BAD can
also bind to Bcl-2 or Bcl-XL (B-cell lymphoma-extra-large), therefore blocking their anti-
apoptotic activities (19). When phosphorylated by AKT, the BAD-Bcl-2/Bcl-XL
complexes are disrupted and BAD is bound instead to the 14-3-3 chaperon protein, being
sequestered into the cytosol. In addition, AKT will also phosphorylate BAX (Bcl-2-
associated X protein), blocking its translocation to the mitochondria (19). Another way
that AKT directly affects the apoptotic response is the inactivation of pro-caspase9,
impeding the initiation of caspase cascade, and the phosphorylation of MDM2 (murine
double minute 2), leading to the inhibition of p53-mediated apoptosis (19). A critical AKT
protein target are the members of the FOXO (Forkhead box O) family of transcription
factors including FOXO1la, FOX03a and FOX04 (19). These transcription factors have
an essential role in promoting apoptosis and inducing cell cycle arrest. These (FOXOs
and p53) are discussed in depth in section 1.4 and 1.5 respectively.

AKT can also activate the inhibitor of kappa B kinase-o (IKKa), leading to the
phosphorylation of I-kappa-B (I-kB), marking it for degradation and stopping its

inhibitory function over NF-kB (nuclear factor kappa-light-chain-enhancer of activated
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B cells) (19). The free NF-kB can translocate to the nucleus and stimulate the transcription
of pro-survival genes including the inhibitor of apoptosis protein 1 (IAP1) and IAP2 (19).

The PI3K/AKT pathway is negatively regulated by PI-3, 4, 5-Ps phosphatases
including the phosphatase and tensin homologue deleted on chromosome 10 (PTEN)
(12,29). This phosphatase dephosphorylate PIP3 into PIP2, thus preventing the activation
of AKT. Other phosphatases capable of regulating this pathway are protein phosphatase
2A (PP2A) and the pleckstrin homology domain leucine-rich repeat protein phosphatase
(PHLPP) family (19). These phosphatases are able of dephosphorylating the thr308 and

serd73 AKT residues respectively, thus inactivating the network.

1.4- FOXO proteins

The Forkhead box O (FOXO) family are transcription factors with a highly
conserved DNA binding domain (30). In mammalian cells, four FOXOs have been
identified: FOXO1, FOXO03a, FOXO4 and FOXO6. FOXOs can act either as
transcriptional activators or as repressors, depending on additional co-factors recruited
alongside them when they are bound to DNA (30). FOXOs are critical effectors of the
PI3K pathway and when growth factors, cytokines or hormones activate the PI3K
pathway, FOXOs are phosphorylated by AKT and are bound by the 14-3-3 chaperon
protein (31,32). This FOX0/14-3-3 complex formation prevents FOXO-DNA binding
and directs the cytoplasmic retention of FOXOs (30). Other kinases have been identified
that are able to induce the cytoplasmic relocation of FOXO, such as serum- and
glucocorticoid-inducible kinase (SGK), cyclin-dependent kinase- 2 (CDK2) and IxB
kinase (33). By directing the cytoplasmic accumulation of FOXOs (and their subsequent
ubiquitin-dependent proteomic degradation), activated AKT can prevent FOXO-
dependent gene transcription preventing cell cycle arrest and apoptosis (summarized in
figure 1.4.1).
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Figure 1.4.1 - Schematic of FOXO cytoplasmic translocation and sequential degradation.
Activated AKT translocate to the nucleus (unknown mechanism) and phosphorylates FOXO. FOXO is then
translocated to the cytoplasm where it suffers polyubiquitination and subsequent degradation.

FOXOs have a major role in proliferation, apoptosis, metabolism, inflammation,
differentiation and stress resistance (32). Amongst the genes currently known that are
regulated by FOXOs are p27, p21, pl5 and p19. The p15 and p19 proteins are Cdk
inhibitors that block the binding of cyclin D to CDK4 and CDKG6 (30). As mentioned
before, the p27 and p21 proteins are also CDK inhibitors necessary for cell cycle
checkpoints regulation. Through the regulation of the expression of these genes/proteins,
FOXOs are able to modulate the G1/S and G2/M transition of the cell cycle. In addition,
it has been showed that activation of FOXO3 alone is sufficient for p27 upregulation and
inhibition of proliferation (30).

During oxidative stress, FOXOs can coordinate the regulation of manganese
superoxide dismutase (MnSOD) and catalase expression to decrease oxidative damage
and increase cellular survival (30,34). Another way that FOXOs favours cell survival is
by maintaining energy homeostasis through Sestrin3 (Sesn3) and Rictor expression.
Inducing the expression of these genes results in inhibition of mMTORC1 activity (major
energy consumer) and an increase of mMTORC2 activity, leading to the activation of AKT
(which increase energy metabolism) (27).

In regard to regulating apoptosis, FOXOs can modulate the expression of BIM (Bcl-
2 interacting mediator of cell death, also known as BCL2L11), PUMA (p53 upregulated
modulator of apoptosis) and Bcl-6 to induce the intrinsic apoptotic pathway.
Alternatively, FOXOs upregulate the death receptor ligands FasL (Fas-ligand, also
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known as CD95L) and TRAIL (tumour necrosis factor-related apoptosis inducing ligand)
to activate the extrinsic apoptotic pathway (30). FasL is the key death factor of receptor-
triggered programmed cell death in immune cells (35,36). It has an important role in
termination of immune responses, elimination of autoreactive cells and the establishment
of immune privilege. Tumour cells that constitutively express FasL on their surface are
able to generate a tumour-associated immune privilege, evading the immune surveillance
and even kill tumour infiltrating lymphocytes (35). It has also been shown that FOXOs
also play a role in preserving the self-renewal capacity of hematopoietic stem cells (33).

FOXO factors have been shown to be deregulated in many types of cancer such as
breast, prostate, glioblastoma, rhabdomyosarcoma and leukaemia (33). Because of their
role in regulating genes involved in apoptosis and cell cycle arrest, inactivation of FOXOs
is an important step in tumorigenesis. As tumour suppressor genes, FOXOs are of extreme
importance in the development of treatments against cancer. The study of how the many
different signalling pathways affect the FOXO proteins have already shown that these
factors are need for the current chemotherapeutics to have a cytostatic or cytotoxic effect
on tumour cells (31,33). As such, FOXOs can be considered as biomarkers for treatment
prognostics and risk assessment of patients. For example, cytoplasmic location of
FOXO3a correlates with poor survival in breast cancer (33). New drugs that can influence
the expression of FOXOs or that can affect their subcellular translocation will bring
alternative approaches to chemotherapy. Combination treatments with drugs that activate
FOXO can synergize with standard chemotherapeutics to sensitize tumour cells, opening
new ways to counteract cancer resistance. However, the use of FOXO transcription
factors must be well study because their ability to activate survival signalling and
feedback mechanisms between FOXO family members may limit clinical utility.

The role of FOXOs on melanoma ranges from initial tumorigenesis all the way to
treatment resistance. Melanoma is known to have the PI3K pathway constitutively active
from either mutation of RTKSs, PI3K or loss of PTEN. With AKT constantly active, the
phosphorylation of FOXOs and its subsequent degradation will lead to uncontrolled
proliferation. As for resistance, given that many current chemotherapeutics need FOXOs
to exert their cytostatic/cytotoxic effect, tumour cells can counter treatments with cross-
talk between signalling pathways that have FOXO as a common downstream target. For
example, FOXO3a is a common target of three oncokinases: AKT, IKK and ERK (33).
All three kinase-mediated phosphorylation induce FOXO3a ubiquitination and
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subsequent degradation. Reverting their action over FOXO3a can re-sensitize tumour

cells to chemotherapeutics.

1.5- The tumour suppressor p53

Similar to FOXO-family members, the tumour suppressor protein p53 is a
transcription factor that regulates many genes involved in cell cycle arrest, apoptosis,
senescence, autophagy and metabolism. Due to the importance of p53 in multiple cellular
networks and preserving the cells genome, p53 is commonly referred to as “the guardian
of the genome”(37).

Under normal cellular conditions, p53 exists in the cell bound to its negative
regulator MDM2 (murine double minute 2) (schematically represented in Figure 1.5.1).
In response to stress signals (for example DNA damage), p53 can be phosphorylated,

abrogating the MDMZ2 interaction, allowing p53 levels to accumulate leading to the

transcriptional induction of a vast array of target genes (37,38).

Proteossomal

Degradation

Figure 1.5.1 - Schematic of p53 degradation.
Activated AKT phosphorylates Mdm2, which in turn will bind to p53. P53 then suffers ubiquitination and
is degraded by proteasomes.

When MDM2 is phosphorylated, it will shift the balance p53/MDMZ2 in three ways
(37). First, it abrogates the transcriptional activity by binding to the N-terminal of the
transactivation domain of p53. Second, it induces nuclear export of p53 through mono-
ubiquitination. Lastly, it destabilizes p53 through poly-ubiquitination and subsequent

proteasomal degradation (Figure 1.5.1).
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As an E3 ubiquitin ligase, MDM2 has the ability to attach an ubiquitin chain of 76
amino acids to its target protein (38). This action is facilitated by MDM4, an E4 ligase
(also known as ubiquitin chain elongating factors) that mediates the elongation of the
ubiquitin chain previously established by MDM2 (38). Importantly, Mdm2 is a
transcriptional target of p53, creating a feedback loop between them. This loop is the
primary mode through which p53 autoregulates its levels.

The p53 transcription factor has always been of major interest in the fight against
cancer. Because of its diverse biological functions that thwart tumorigenesis, the status
of p53 has become a standard evaluation in cancer patients. In fact, p53 is the most
mutated gene in human cancer, with a mutation rate that varies from 5% to 95% according
to tumour type (39). Most mutations occur in the DNA binding domain. Even if the
tumour cells retain the wildtype p53, it is often non-functional through its regulation
mechanisms being altered (40).

In chemotherapy, p53 has an important role in chemosensitization and
radiosensitization of tumour cells. As such, drug development is focusing p53 in four
different approaches 1) activate wildtype p53, 2) reactivate mutant p53, 3) selectively Kill
cells with mutant p53 and 4) temporally inhibit wildtype p53 for normal cell protection
(40).

In the particular case of melanoma, p53 has a mutation frequency of 10-20%. This
is curious given that the background mutational load of melanoma is one of the highest
in human cancer, comparable to lung and colon cancer (39). Although melanoma retains
a wildtype p53, its functions are inactivated by other means. One way is through the
deletion of CDKN2A (cyclin-dependent kinase inhibitor 2A), which leads to the loss of
p14ARF an inhibitor of MDM2 that prevents the targeting of p53 for degradation. Another
mechanism is through the amplification of MDMZ2, leading to the destabilization of
p53/MDM2 homeostasis (39,41).

Another possibility is the constitutive activation of the PI3K pathway. AKT
phosphorylates MDM2 in both the nucleus and the cytoplasm, leading to the degradation
of p53 through the methods described above. This link between p53 and AKT is of

extreme importance in the development of new treatments for melanoma.

1.6- Novel Therapeutics in the Treatment of Melanoma
With modern drug development, many new drugs are being developed focusing in

the cross-talk between different signalling pathways as a way to avoid resistance. As seen
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with Vemurafenib, cancer cells can “counter-act” the inhibition of BRAF by, for example,
re-activation of downstream targets such as ERK (4). A way to delay or circumvent the
resistance to BRAF inhibitors is to combine them with MEK inhibitors such as
Trametinib, which is being tested in clinical trials.

A key example of combined targeted therapies is the PISBK/AKT pathway. As this
pathway interacts with and signals via RAS/RAF/MEK/ERK components at multiple
points, resulting in cross-activation, cross-inhibition and pathway convergence, these
targets could, in principle be individually targeted in combinational therapy to either
restore drug sensitivity or to reduce the possibility of emerging resistant cancer cells(3).
This is particularly noted in breast cancer resistance. Trastuzumab (marketed as
Herceptin) is a recombinant monoclonal antibody that binds to the extracellular domain
of HER2 (Human Epidermal growth factor Receptor 2) (42) and used to treat HER2+
breast cancers. Trastuzumab blocks the formation of HER2-HERS3 heterodimers and also
the binding of HER3 to PI3K (43). Many laboratory models of resistance have
demonstrated that the loss of PTEN can reduce the anti-tumour effect of Trastuzumab as
well as mutational activation of PI3K (42). As a consequence of this, many PI3K and
AKT inhibitors are being tested in clinical trials as a means to reverse resistance to
Trastuzumab in dual treatment regimens(43,44).

The PI3K, mTOR and AKT inhibitors can be used in many types of cancer, since
they can target one of the most mutated pathways in human cancer. The mTOR inhibitors
such as rapamycin and everolimus to test the PI3K signalling blockade in melanoma
through inhibition of MTORC1 (45). Unfortunately, the efficacy of mMTORC1 inhibitors
is limited by dysregulation of negative feedback loops (45). PI3K inhibitors, such as
wortmannin and LY294002 (46), and AKT inhibitors, such as afuresertib and MK2206
(44,47), showed positive results in pre-clinical models (47). Although positive, this
results only confirmed that single-agent inhibition of the PI3K/AKT pathway is often
cytostatic rather than cytotoxic, with activation of compensatory pathways (48).

The development of dual PISK-mTOR inhibitors, such as NVP-BAG956, NVP-
BBD130 and NVP-BEZ235, was an important step that showed impressive
antiproliferative activity both in vitro and in vivo (45,46). In particular, BEZ235 is a
potent pan-PI3K inhibitor that blocks mTOR by targeting the ATP-binding site of
MTORC1/mTORC2 (46) and is currently in clinical trials (47,49). As mentioned before,
cross-talking between signalling pathways has become a focus in the development of new
therapies. The dual PI3BK/mTOR inhibitors can synergize with BRAF and MEK
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inhibitors, sensitizing back tumours who previously acquired resistance to this drugs (50—
52). A prime example is the combination of Vemurafenib with BEZ235, currently being
tested in pre-clinical studies but already showing promising results. More combinatorial
targeted therapies are extensively reviewed in Grazia et al. (47).

Another approach is the improvement of immunotherapies and their combination
with cytotoxic agents and/or targeted therapies. Nivolumab (BMS-936558, MDX — 1106)
is a fully human 1gG4 antibody that blocks the PD-1 (programmed death 1) receptor. PD-
1 interacts with PD-L1 ( Programmed death ligand 1), inhibiting T-cell proliferation and
cytotoxic functions (4). The interaction PD-1/PD-L1 plays an important role in tumour-
induced immunosuppression in many advanced malignancies. Nivolumab has
demonstrated clinical activity in patients with melanoma, renal-cell carcinoma and non-
small-cell lung cancer (NSCLC) (10). Currently, a combination of Ipilimumab and
Nivolumab is being studied and already shows early phase results of rapid and deep
response of 80% (NCT01783938; NCT01024231) (53).

An alternative to complement current therapies is the use of phytochemicals. These
are naturally occurring chemical compounds such as flavonoids and phytoalexins that can
be found in common food (peanuts, red wine, grapes, strawberries, etc.).Phytochemicals
are remarkably nontoxic and have proven their ability in preventing the development of
cutaneous malignancies (45). They are currently being studied as potential adjuvant

therapies for metastatic melanoma (45).

1.7- The Tribble2 homolog

Originally identified as tribbles in Drosophila, TRIB2 is pseudokinase which
functions as a signalling modulator and mediator (54). Mammalian cells possess three
Trib homologs: Tribl, Trib2 and Trib3 (55). All three Trib have been associated with
human malignancies by interacting with pathways involved in cell survival and apoptosis.
Trib proteins interact with many signalling molecules and transcription factors such as
activating transcription factor 4 (ATF4), p65, mitogen-activated protein kinase kinase
(MAPKK), AKT and constitutive morphogenesis 1 (COP1) (55).

Like all Trib proteins, TRIB2 has three main domains: an N-terminal, a C-terminal
and a kinase domain. It belongs to the pseudokinase family because its central region
(kinase domain) possess high homology with serine/threonine kinases but deviations in
the catalytic loop eliminates its catalytic activity (Figure 1.7.1). Although it is a
phosphoprotein, it is theorized that TRIB2 is unable of autophosphorylate itself (55).
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TRIB2 has two important motifs on its C-terminal domain: MEK1 and COP1
binding sites. Through the MEK1 motif, TRIB2 is able to interact with the
RAS/MEK/ERK signalling pathway and enhance ERK phosphorylation (54). TRIB2 can
bind to COP1, an E3 ubiquitin ligase, through the COP1-binding site and promote
proteasome-mediated degradation (54). One known target is the C/EBP
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Figure 1.7.1 - Representation of TRIB2. Kinase domain and C-terminal are highly conserved, with two
binding motifs for MEK1 and COP-1.

(CCAAT/enhancer-binding protein) family of transcription factors. By facilitating
C/EBP-a degradation, TRIB2 aids in myeloid differentiation. This characteristic marked
TRIB2 as an oncogene for acute myeloid leukaemia (AML). (54,56). Further studies
brought to light that TRIB2 is commonly overexpress in many types of cancer such as
lung adenocarcinoma, cervical carcinoma, liver cancer and malignant melanoma (55-59).
In the case of melanoma, TRIB2 can be used as a biomarker since its expression correlates
with the tumoral progression (60).

Another important fact is that TRIB2 was found to be a negative regulator of the
FOXO family of transcription factors (59). TRIB2 can interact with AKT, leading to the
inactivation and degradation of FOXO proteins. This implies that TRIB2 may be involved
in mechanisms of cancer resistance.

Since TRIB2 is a pseudokinase, the mechanisms through which it exercises its
functions is currently unknown. The main possibility is that TRIB2 acts as an adaptor that
binds multiple proteins and brings them together. Given its proven role over FOXOs and
in tumorigenesis, elucidation of how TRIB2 interacts and activates survival signalling

can be an important step in cancer treatment.

1.8- Hypothesis
The previous work of our group showed that TRIB2 is a biomarker of diagnosis and
progression of melanoma. Recent studies in our laboratory revealed that TRIB2 involved
in mechanisms of drug resistance to many chemotherapeutics, including PI3K inhibitors
currently in clinical trials. Based in our research, this work intends to characterize the

TRIB2 pseudokinase following PI3K inhibition, its regulation, the domain responsible

17



for the activation of survival signalling molecules such as AKT and how it relates to drug

resistance in cancer.
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2. Materials and Methods

2.1- Cell lines and reagents

The human cell lines HEK293T (embryonic kidney cells), U20S [p53+/+], were
maintained in DMEM supplemented with 10% FBS (Sigma, PT) and antibiotics (Gibco,
US). Antibodies used in my studies are shown in Table 2.1.1 and were used for our
immunoblots. Signal visualization was achieved using a ChemidocXRS+ system
(BioRad, PT). Dacarbazine (Sigma, PT), gemcitabine hydrochloride (Eli Lilly #VL7502),
AKT inhibitor VIII (Calbiochem, US), BEZ235 (Novartis, US), BAY806946, BAY
1082439, BAY1001931 (a gift from Bayer Healthcare, Germany), rapamycin (Sigma,
PT), actinomycin D (Sigma, PT), and cycloheximide (Sigma, PT) and MG132 (Sigma,
PT) were used at the following concentrations (Actinomycin D (ActD) 5 ug/ml,
Cycloheximide (CHX) 50 pg/ml, MG132 at 1 uM).

Primary Antibodies Species Information Supplier
Actin goat 1-19; sc-1616 Santa Cruz Biotechnology
Total AKT goat C-20; sc-1618 Santa Cruz Biotechnology
p-AKT rabbit Ser473; sc-7985 Santa Cruz Biotechnology
BIM rabbit H-191; sc-11425 Santa Cruz Biotechnology
P27 mouse F-8; sc-1641 Santa Cruz Biotechnology
MDM2 rabbit C-18; sc-812 Santa Cruz Biotechnology
p-MDM2 rabbit Ser 166; sc-293105 | Santa Cruz Biotechnology
) Cell Signalling
p-Mdm2 rabbit S166; 3521S
Technology
Lamin A/C mouse N-18; sc-6215 Santa Cruz Biotechnology
) Home-made, generated at
TRIB2 rabbit custom ] ]
CNIO (Madrid, Spain)
FasL rabbit C-178; sc-6237 Santa Cruz Biotechnology
Total Foxo3a )

goat N-16; sc-9813 Santa Cruz Biotechnology

(FKHRL1)

p-Foxo3a (p- ] )

rabbit Ser 253; s¢-101683 | Santa Cruz Biotechnology

FKHRL1)

Table 2.1.1- Primary antibodies used. Datasheets of each antibody are on Appendix A1-A1l.

2.2- Western blot analysis

For the preparation of whole cell lysate, cells were harvested and lysed using RIPA
buffer (50 mM Tris-HCI pH 7.4, 1% NP-40, 0.5% Na-deoxychlorate, 150 mM NacCl, 1
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mM EDTA, 2 mM NaF, 2 mM NaVO4 and 1x protease inhibitor cocktail (PIC) (Sigma).
We used the Bradford assay, with the Quick Start TM Bradford 1x Dye Reagent (Bio-
Rad). We prepare PCR tubes with 99 ul of Bradford. We dilute 1 pl of sample in 10 pl of
H20. We then add 1 pl of the dilution to the tubes. The blank tube was prepared with 100
ul of Bradford only. We analysed in the Nanodrop 2000/2000c Thermo Scientific by
using 2 pl of each tube. For SDS—PAGE, protein samples were boiled for 5-10 min in
protein sample buffer (50 mM Tris pH 6.8, 1% SDS, 10% glycerol, 0.01% Bromophenol
Blue, B-mercaptoethanol [50 pL per 950 pL sample buffer]). Following electrophoresis,
proteins were transferred onto nitrocellulose membrane (BioRad). The membrane was
blocked for 1 hour at room temperature or overnight at 4°C 5% BSA 0.1% tweenyo
blocking buffer. Primary antibodies were added to the membrane (Supplemental Table 1)
overnight at 4°C or for 2 hours at room temperature. Secondary antibody was added
(Supplemental Table 2) at typically 1:5000 dilution for 1 hour at room temperature.

Visualization of signal was achieved using a ChemidocXRS+ Imaging System (BioRad).

Secondary ) ) )
o Species Information Supplier
Antibodies
Anti-rabbit goat IgG-HRP; sc-2030 Santa Cruz Biotechnology
Anti-goat donkey IgG-HRP; sc-2020 Santa Cruz Biotechnology
Anti-mouse goat IgG-HRP; sc-2005 Santa Cruz Biotechnology
Anti-mouse rabbit 1gG; A9044 Sigma

Table 2.2.1 — Secondary antibodies used. Datasheets of each antibody are on Appendix A12-A15.

2.3- Constructs

A 3062 bp fragment encoding the entire human Trib2 (hTRIB2) cDNA was sub-
cloned into pEGFP-N1 or pIREPuro2 plasmids, (one co-expressing GFP, the other
containing a V5 tag.). Full length human TRIB2 (hTRIB2, 1-343 aa), dN (63-343aa
hTRIB2, dC (1-304 aa) hTRIB2, KD (63-304 aa) hTRIB2, NT (ACT, 1-250 aa) hTRIB2,
CT (ANT, 270-343 aa) hTRIB2 and ACOP1 hTRIB2 were kindly provided by W.S. Pear
and shown in Table 3. Each was cloned into pMigR1-myc plasmid (55). All cDNAs were
sequenced in their entirety to verify there were no mutations in any of our constructs.
Each construct was transfected (Polyplus Transfection jetPRIME® transfection reagent)
following the manufacturers guidelines (Appendix B). After transfection, the plates were

incubated for 24 hours or selection and screening initiated.
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Plasmids Mutant o] 63 3“43
constructs A : —

#1 Full length TRIB2 scoPl = =

#2 A COP1 A '

#3 AN Figure 2.3.1 — Schematic of TRIB2 mutants. Different
regions deleted in the TRIB2 plasmids constructs.

#4 AC

#5 Kinase domain

#6 C term

#7 N term

Table 2.3.1 - TRIB2 plasmids constructs used

2.4- Flow cytometry cell cycle analysis

Cells were grown to 70% confluence. Cells were mock treated/exposed to each
compound for the time points indicated. Samples were collected, washed (PBS) and fixed
(70% ethanol). Ethanol was removed and samples were ressuspended in PBS. Propidium
iodide (2.5 mg mL) was added to each sample. Samples were run on a Fluorescence
Activated Cell Scanner (FACS) and the percentage populations (sub-Gi, G1, S and G2
phases) determined. 10,000 total events were scored per study Data was analysed using
Infinicyt (Cytognos).

2.5- FACS sorting
Cells were grown to 70% confluence. Cells were mock treated/exposed to each
compound for the time points indicated. Samples were collected, washed (PBS) and fixed
(70% ethanol). Ethanol was removed and samples were ressuspended in PBS. Samples
were run on a Fluorescence Activated Cell Sorter (FACS) and the GFP positive and GFP
negative populations separated. 50,000 total events were scored per study. Data was
analysed using Infinicyt (Cytognos). The sorted samples were stored at 4°C until the

following day prior to sample collection for immunoblotting.

2.6- Immunoprecipitation
The samples sorted by FACS were collected with 50 pl each of total protein lysis
buffer (50 mM Tris pH 7.5, 1% NP-40, 0.1% Na-deoxychlorate, 130 mM NaCl, 5 mM
EGTA, 10 mM NaF, 2,5 mM NaVO4 and 1x protease inhibitor cocktail (PIC)). Stored at
-80°C for 24 hours. On the following day, added to each sample 5 ul of antibody and left

them spinning on the “end-over-end” overnight at 4°C.
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Prepared beads with Protein G Sepharose Fast Flow (20 pl/sample) and PBS. Spin
for 2 minutes at 1.300 rpm. Ressuspended with 1ml PBS and spin again. Repeated the
last step but added PBS in an equal amount to the total volume of beads. Added 20 pl of
the beads solution prepared and 300 pul of PBS to each sample. Left the samples spinning
in the “end-over-end” for 1 hour at room temperature. Centrifuged for 2 minutes at 1.300
rpm. Removed supernatant and kept the beads. Added 300 pul of PBS and repeated the
spin. Removed the supernatant and prepared the samples with 30 ul of 2x laemmli buffer.
Boiled the samples for 5 minutes at 98°C. Proceeded by following the western blot

protocol indicated above by loading 25 ul of each sample to the gel.

2.7- Co-Immunoprecipitation

Cells were harvested using total protein lysis buffer (50 mM Tris pH 7.5, 1% NP-
40, 0.1% Na-deoxychlorate, 130 mM NaCl, 5 mM EGTA, 10 mM NaF, 2,5 mM NavVO4
and 1x protease inhibitor cocktail (PIC)). We used the Bradford assay and the Nanodrop
2000/2000c Thermo Scientific for protein quantification, as mentioned above.

Prepared a-GFP probes with Protein G Sepharose Fast Flow, antibody against GFP
and PBS. Spin the probes for 1 h in the “end-over-end” at room temperature. Centrifuged
for 1 minute at 1.300 rpm. Washed 2 times with PBS. Ressuspended with PBS.
Calculated amounts required for 250 pg of protein, probe and PBS for each sample. Add
all to an Eppendorf and spin again in the “end-over-end” for 1h. Centrifuged for 1 minute
at 1.300 rpm. Washed 2 times with 1 ml of PBS. Removed the supernatant and eluted
with 50 pl of 2x Laemmli buffer. Boiled the samples for 5 minutes at 98°C and stored
them at -80°C.

2.8- RNA extraction/First strand cDNA protocol
We used the TRI-reagent protocol from Sigma (Appendix C). The resulting RNA
samples were then used to make first strand cDNA with NZY First-strand cDNA
Synthesis Kit from Nzytech (Appendix E). Samples were stored at -18°C.

2.9- qRT-PCR /DNA electrophoresis agarose gel (1 %)/Primer validation

We used the LuminoCt® SYBR® Green qPCR Ready Mix™ protocol from Sigma
(Appendix F).
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Primers Supplier
GAPDH Nzytech
TRIB2 Nzytech
PTEN Nzytech
MDM2 Nzytech
FasL Nzytech
P27 Nzytech
TRAIL Nzytech
Cyclin D1 Nzytech
P19 Nzytech
BIM Nzytech
P21 Nzytech

Table 2.9.1 — List of primers used

We then ran a 1% agarose electrophoresis gel to analyse the amplified products.

2.10- Chromatin Immunoprecipitation assay (ChlIP)

The plates were washed with ice-cold 1x PBS twice and added a 1%
formaldehyde/PBS solution to each for cross-linking the proteins with the DNA. Plates
were incubated at 37°C for 10 minutes and washed again with ice-cold 1x PBS twice.
The plates were scraped with 1 ml Scrape buffer (1M Tris-HCL with 10 mM DTT),
collected in eppendorfs and incubated in water bath at 30°C for 15 minutes. The tubes
were centrifuged and washed with ice-cold 1x PBS, Buffer I (10% Triton X-100, 100 mM
EDTA, 100 mM EGTA, 0,5 M HEPES) and Buffer 1l (100 mM EDTA, 100 mM EGTA,
0,5 M HEPES in 5M NaCl) . The pellets were ressuspended with Lysis buffer (10 % SDS,
EDTA, Tris pH 8.0) prepared with PIC (protease inhibitor complex). The samples were
sonicated 5-6 times, 10 seconds each, to break the DNA into approximately 250 base
pairs fragments. The samples were then centrifuged at 15.000 rpm, 4°C for 10 minutes.

The supernatant was transferred to new eppendorfs and we added 300 ul of Buffer
D (10% Triton X-100, 100 mM EDTA, Tris pH 8.0, NaCl) with PIC. We then removed
100 pl to the input eppendorfs. These input samples were left in the heat block at 65°C
overnight (to reverse the cross-link). To the remaining samples we added antibody (5ul
per sample) and left overnight at 4°C.

On the following day, we removed the input samples from the heat block and stored

them at -20°C. Added protein G-fast flow beads (Sigma) to samples (10ul per sample)
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and rotated for 1 hour at room temperature. Washed samples with TSE 1 (10% SDS, 1%
Triton X-100, 100 mM EDTA, 3% NaCl (5M) in Tris pH 8.0), TSE 11 (10% SDS, 1%
Triton X-100, 100 mM EDTA, 16% NaCl (5M) in Tris pH 8.0) and TSE 111 (1% NP-40,
100 mM EDTA, 10% Tris pH 8.0, 1% deoxycholate in LiCl (1M)) with rotation and
centrifugation between washes. Washed 3 times with ice-cold TE buffer. Added a
solution of SDS and NaCHO3 to each sample and rotated for 1 hour at room temperature.
Transferred the supernatant to new eppendorfs, left them overnight on the heat block at
65°C and stored them at -20°C on the next day.

We used the NzyGelpure purification kit (Appendix D) to “clean” the previous
ChIP and input samples. We used 1 ml of binding buffer on step 1 and 30 pul of dH20 on

step 5 instead of the manufacturer indications. The purified DNA was stored at -20°C.
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3. Results

3.1- TRIB2 protein levels increase in the presence of PI3K inhibitors

Our group has previously demonstrated that TRIB2 is a biomarker for malignant

melanoma (60) and is a negative regulator of FOXO3a (59). As such, we know that

TRIB2 is integrated within the PI3K pathway but where within this network and

specifically how TRIB2 can
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(summarized in Figure 3.1.1).

Figure 3.1.1- PI3K pathway inhibitors.
Squematic of PI3K pathway and how the inhibitors target its

components.

We first questioned if there

were any effects on the

TRIB2 protein before and after PI3K inhibition within our isogenic cell lines. Using an

immunoblotting approach, we found a discernible increase in TRIB2 protein in both the
endogenous U20S-Empty and the U20S-TRIB2 cell lines (Figure 3.1.2).

TRIB2

B actin

U20S  U20S
(TRIB2) (Empty)

BEZ235 |
BAY236
BAY439
BEZ235

NT
NT

I |[BAY236 |
i |IBAY439

|
I

|

Figure 3.1.2- TRIB2 protein levels increase
following PI3K inhibition.

Representative  western  blot  of  isogenic
osteosarcoma cell lines with over expression of
TRIB2 (U20S-TRIB2) and endogenous TRIB2
protein expression (U20S-Empty). Cell lines were
treated with 100nM of each indicated compound and
50ug of total protein lysate was loaded per lane. B-
actin is shown to indicate protein loading. .
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3.2- PI3K inhibition does not result in an increase in TRIB2 transcription

We next questioned what the mechanism was for this increase in TRIB2 protein

expression following PI3K inhibition. To answer this question, we treated cells with each

of our novel PI3K inhibitors and 12 hours post exposure, collected total RNA (described

NS

T 6
s Q = NT
2% 5 i i m 12hr BEZ235
53 4 = 12hr BAY236
25 NS = 12hr BAY439
~N &
852 [ 2
SR ﬁ

: 10

U20S Empty U20S TRIB2

Figure 3.2.1- PI3K inhibition does not change levels of TRIB2 expression
gRT-PCR of our isogenic osteosarcoma cell lines following PI3K inhibitor
exposure. TRIB2 transcription was evaluated and normalized to GAPDH
using the 2-""CT methodology. N = 6. Statistical analysis was carried out using
a 2-tailed analysis of variance (ANOVA) approach.

in  materials and
methods). Once we
had RNA

extracted,

our
we
generated cDNA and

conducted
quantitative real time
PCR (QRT-PCR)
analysis (Figure
3.2.1). Interestingly,
we note that there

was no significant increase in the level of TRIB2 transcription following PI3K treatment

in either of our isogenic U20S cell lines. As we would expect, our U20S-TRIB2 cells

show an almost 6 fold increase in TRIB2 expression compared to endogenous U20S-

Empty cells. From this study, we can conclude that the increase we note in TRIB2 protein

levels post-PI3K inhibition was independent of transcription.

3.3- TRIB2 keeps mRNA and protein stability in the presence of PI3K inhibitors

Having observed no significant difference in TRIB2 transcription following PI3K

inhibition, we next questioned if the increase in TRIB2 protein levels after PI3K
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Figure 3.3.1- PI3K inhibition does not alter TRIB2 mRNA synthesis
Left) gRT-PCR of U20S-TRIB2 cells treated with Actinomycin D and PI3K
inhibitors. Right) gqRT-PCR of U20S-Empty cells treated with Actinomycin
D and Pi3K inhibitors. TRIB2 transcription was evaluated and normalized to
GAPDH using the 2"24CT methodology. N = 6. Statistical analysis was carried
out using a 2-tailed analysis of variance (ANOVA) approach.

inhibition was the
result of a change in
mMRNA stability. We
conducted an
actinomycin D (ActD)
time course study
following exposure to
our PI3K
Actinomycin D is a

drug that binds to the

inhibitors.
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DNA and blocks RNA synthesis (61). Collecting total RNA from each isogenic cell line
at 1hr, 3hr 6hr and 12 hr (Figure 3.3.1). We generated cDNA from the total RNA at each
time post ActD exposure and conducted gRT-PCR analysis. It is important to note here
that the time point indicated in each graph shown in Figure 3.3.1 is the time post ActD
addition and that at the time point 0 hr, the cell lines have been incubated in the presence
of each PI3K inhibitor for 3 hours. Consequently, when the 12 hour time point is reached
(12 hours post ActD addition) the respective cell lines have been in the presence of each
PI3K inhibitor for 15 hours. We saw no difference in the amounts of TRIB2 mRNA at
each time point in the presence of each PI3K inhibitor and ActD indicating that there was
no change in TRIB2 mRNA stability post PI3K inhibition.

Having observed no significant difference between either TRIB2 transcription or
TRIB2 mRNA stability, we questioned if the TRIB2 protein stability was effected
following PI3K inhibition. Similarly to our ActD studies, we treated our isogenic cell line

with each PI3K inhibitor in the presence of cycloheximide (CHX) (an inhibitor of protein

CHX CIIX synthesis) (62) (Figure
1 1 ..
| 1| 3.3.2). It is important to
- = 6 O U20S-TRIB2 NT - =25 ) U20S-GFP NT .
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5 2 31 N\ S g \% T -
3£ 2 §\ S £ 9 NN graph shown in Figure
(S b §“ ¥ Q S L N}
— = = ~ i NS - -
22 § e3 9 ii 3.3.2 is the time post
N’ N 1
0 Ohr 1hr 3hr 6hr 12hr 0 Ohr 1hr 3hr 6hr 12hr CHX addition and that

Figure 3.3.2- PI3K inhibition does not affect protein synthesis.
Western blot quantification of U20S-TRIB2 and U20S-Empty cells
incubated with cycloheximide (CHX) for the time points shown. At the
time the CHX time course was initiated (Ohr), the cells have already been
incubated in the presence of each specific PI3K inhibitor for 12 hours.
Left) U20S-TRIB2 treated cells. Right) U20S-empty treated cells. qRT-
PCR of U20S-Empty cells treated with Actinomycin D and Pi3K
inhibitors. TRIB2 protein levels were evaluated and normalized to -actin
(applying the 2-22€T normalization methodology). N = 3.

at the time point 0 hr, the
cell lines have been
incubated in the presence
of each PI3K inhibitor
12

Consequently, when the

for hours.
12 hour time point is reached (12 hours post CHX addition) the respective cell lines have
been in the presence of each PI3K inhibitor for 24 hours. In the case of the 1 hour time
point (this is 13 hours with each PI3K inhibitor), 3 hr (is 15 hours in the presence of the
inhibitors) and 6 hr represents 18 hours in the presence of the PI3K inhibitors. In both
U20S-TRIB2 and U20S-Empty cells, we note that there is a significantly higher amount
of TRIB2 protein in the presence of each PI3K inhibitor tested.
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However, irrespective of the compound tested, there was no statistically significant
difference in the gradient of each graph for total TRIB2 amount. Therefore, while there
Is a clear increase in the amount of total TRIB2 protein following incubation with each
PI3K (independent of whether this was endogenous or exogenous TRIB2), there is no

significant difference in TRIB2 protein stability post PI3K-inhibition.

3.4- PI3K treatment significantly reduces proteasome-dependent degradation of
TRIB2
Having questioned if the increase in total TRIB2 protein was the result of a change

in TRIB2 transcription, TRIB2 mRNA stability or TRIB2 protein stability, we investigated

if there was a change in proteasome-
U20S (TRIB2) )
| dependent degradation. We treated our

[ |
- M(I}132 3 M(|}132 isogenic cell lines with MG132, a small
I

0 5 %" 0 5 3' peptide that acts as a proteasome inhibitor
EQ]' S D ﬁ D= (63). We found that when incubated in the
Fo<<<E m<<g
ZmmmZ M m M | presenceof MG132, there was no longer an

TRIB2 5!& increase in TRIB2 protein levels post PI3K

Bactin |- ——— inhibition (Figure 3.4.1).

)
|

=
g g 0.0001*** 0.3079
7 g 4.0 7 [ o00001*= [ 05470 Figure 3.4.1- PI3K inhibition reduces TRIB2
S 30 ng degradation
a8 o o Top) Western blot of U20S-TRIB2 cells treated
5 é‘) 2.0 r_‘ with each PI3K inhibitor in the absence/presence of
= g 1.0 = MG132. 50 [g of total protein lysate was loaded
E_, S 0.0 { per lane. Bottom) Quantification of multiple (3)
oS —~wv O & =~ v O & | western blots for TRIB2 following PI3K incubation
a8 o Za 82 288 F | 1+ MGL32. Statistical analysis was carried out using
~ N >~ >~ ;V >~ >~ | a224CT methodology, normalized to B-actin. In the
g é é é Eg é presence of MG132 we notice the accumulation of 2

larger (higher) TRIB2 protein bands.

3.5- TRIB2 protein expression correlates with increased total AKT and
significantly elevated pSer473-AKT.
Previous data from our group indicated that in a range of isogenic cell lines and in
vitro models that, in the presence of high TRIB2 protein, there is a significantly higher
level of active pSer473-AKT (Figure 3.5.1; kindly provided by Dr Richard Hill).
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3.6- COP1 domain is the crucial region required for pSer473 AKT post-
translational modification
Data (unpublished) from our group has revealed that the TRIB2 protein is capable
to bind and activate AKT. However, the specific region of TRIB2 that is responsible for
that action is unknown. To address this we used a range of mutant TRIB2 constructs
(Figure 3.6.1). We transfected 2 pg of each plasmid into human 293T renal carcinoma
cells. 24 hours post transfection we screened transfected cells by immunoblotting for
pSerd73-AKT, pSer253-FOX03a, pSerl66-MDM?2 and GFP (Figure 3.6.2). Mutants that
retained the COP1-binding domain showed phosphorylation of downstream members of
the PI3K pathway. We included GFP in this study as each construct was tagged with

GFP. This served as a control for
FLI o 3“43 our studies as neither of our o-
AN | I —
ACI I ] TRIB2 antibodies (CNIO or Santa
KD [ ]
ACOPI [ I - Cruz  Biotechnology)  would
CTerm [ |
NTerm| ' | recognise all of these constructs

Figure 3.6.1- TRIB2 mutant constructs. Schematic figure of (data not shown).

various TRIB2 mutant constructs used in our studies (kindly
provided by Dr. Stephen Pear).
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1 Figure 3.6.2- TRIB2 acts through the

' o ' COP1 domain. Western blot with
i HEK293T cell lines transfected with the
o mutant constructs. 50 g of lysate used in
= -N- each lane.
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3.7- Low levels of FOXO3a-mediated genes transcription correlate with increased
AKT activity
To further analyse if the COP1 domain is in fact responsible for the activation of
AKT, we studied the gene expression levels of target genes of FOXO3a. In particular, we
focused on p27 and FasLG to attest how cell cycle arrest and apoptosis were affected
following transient reinfection with each TRIB2 construct. As mentioned before, p27 is
affected by the PISBK/AKT pathway because it needs FOXO3a to be expressed. AKT
directs the post-translational modification of FOXO3a phosphorylating it at the Ser253
residue following which, FOXO3a is trafficked out of the nucleus into the cytoplasm for
polyubiquitination and degradation. Consequently, high levels of phosphorylated AKT
are indicative of low levels of FOXO3a and by consequence, low levels of p27 (at both
the transcript and protein level). The same “chain-of-events” applies to FasLG. These
transfection studies indicated that TRIB2 proteins that contained the COP1 domain had
low levels p27 and FasLG transcription (Figure 3.7.1, 3.7.2), supporting our immunoblot
data where we note AKT and FOXO3a phosphorylation.
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Figure 3.7.1- Low levels of p27 gene expression in mutants still possessing the COP1-binding domain.

gRT-PCR of HEK293T cell lines transfected with mutant constructs.
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domain. qRT-PCR of HEK293T cell lines transfected with mutant constructs.
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We next questioned if our transcription results for p27 and FasLG were conserved
at the protein level (i.e. in TRIB2-mutant construct transfected cells if there was p27 and
FasLG protein induction following PI3K exposure). Following transient transfection of
each construct and exposure to BEZ235 (a dual PI3K/mTOR inhibitor) we analysed by
immunoblot, the protein levels of p27 and FasLG (Figure 3.7.3). The results correlate,
with same mutants with low levels of gene expression showing low levels of protein

expression of p27 and FasLG (Figure 3.7.3).

NT BEZ235 FasLG
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Figure 3.7.3- Low levels of protein expression of p27 and FasL G in mutant constructs still possessing
the COP1-binding domain. Left) Western blot of U20S-TRIB2 cells treated with PI3K inhibitor BEZ235.
50 ug of total protein lysate was loaded per lane. Right) Quantification of multiple (3) western blots for
TRIB2 following PI3K inhibition. Statistical analysis was carried out using a 222°T methodology,
normalized to B-actin.

These results also support our studies demonstrating that TRIB2 is actively
involved in mechanisms of drug resistance in various cancers (metastatic melanoma,
colon and pancreatic to name a few). Through the COP1-binding domain within the
protein, TRIB2 is activating AKT and promoting cell survival by suppressing FOX03a
(directly) and p53 (indirectly).

To further prove the role of TRIB2 in activating AKT and chemotherapeutic
resistance, we used FACS scanning (described in materials and methods) of the
transfected 293T cell line after treatment with each specific PI3K inhibitor. Following
transient transfection and PI13K inhibitor exposure, we measured the percentage of SubG:
cells in each population (i.e. the percentage of dead/non-viable cells). The results revealed
that the cells transfected with the TRIB2 mutants containing the COP-1 binding domain
were no longer more resistant to various novel PI3K inhibitors and that they displayed
significant increases in the percentage of SubG1 cells (Figure 3.7.4).
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Figure 3.7.4- Cells with TRIB2 mutants possessing COP1-binding domain can transition the G1
checkpoint. 10,000 total events were scored per study. Data was analysed using Infinicyt (Cytognos).

The previous studies were obtained in transient transfected 293T cells with a mixed
population. As a result, we hypothesised that there would be cells within this mixed
population with high plasmid expression and those which did not take up the plasmid.
Each construct was tagged with GFP so we asked if we could FACS sort the transfected
cells following BEZ235 treatment into GFP positive and GFP negative. Upon obtaining

the two populations, we

100 nM BEZ235
. extracted the proteins and with
GFP positive GFP negative )
\ these sorted populations, we
= B E = E E .
29 8z028 28 8zq9 329 analysed the levels of protein
P27 | v o o || - . . e | expression of p27 (Figure 3.7.5)

B-aCHiN | s s o o st e || e e s e e | 2174 BIM (FiguUire 3.7.6).

Figure 3.7.5-Protein expression of p27 in GFP* and GFP- Strikingly, our FAC-
populations. Representative immunoblot image for p27 or B- . .

actin following FAC-sorting post transient transfection and 100  sorting data correlated with our
nM BEZ235 treatment. Cell populations were sorted using our
FACS-Aria Il sorter and the total protein extracted from each
population. 50 ug total protein lysate was run on 10% SDS-PAGE
gels and probed for p27 or -actin (n=2).

previous findings and that GFP
positive cells from the FL, AN

and CTerm constructs could not
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repress p27 or BIM expression but that within these sorted populations, the GFP negative
population lost this ability. Irrespective of GFP status, the other constructs could not
repress p27 or BIM induction. An important caveat of this study was that each study
required the transient transfection of individual constructs in different passages of 293T
cells. Consequently, the transfection efficiency could vary. In addition, we only sorted
cells that had an extremely high GFP signal. Consequently, within each mixed population,
there were cells with low GFP signals that could have been incorporated/sorted within
the GFP negative pool. This could account for the repression profile that while attenuated,
can still be observed (somewhat) in our samples evaluated for BIM (Figure 3.7.6). As

such, these studies need to be expanded and repeated.

Figure 3.7.6- Protein expression of
BIM in GFP* and GFP- populations.
Representative immunoblot image for
BIM or B-actin following FAC-sorting
post transient transfection and 100 nM
EE = BEZ235 treatment. Cell populations
5 § Sy z 8 were sorted using our FACS-Aria Il

sorter and the total protein extracted
l LA e .l from each population. 50 pg total
protein lysate was run on 10% SDS-
PAGE gels and probed for p27 or -
actin (n=2).

100 nM BEZ235
GFP positive GFP negative

C term

—

BIMI -

9%282 &2
-]

' N term
| [cop

B-actin I---..--” = enco a® @ = = I
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4. Conclusion

TRIB2 has been established as a FOXO repressor protein with oncogenic capacity
in melanoma. Previous work from our group has found that TRIB2 is a melanoma
biomarker for diagnosis, progression and patient response to conventional first line
chemotherapy. This capacity arises from its ability to interact with the PISK/AKT
pathway, a key signalling pathway for cell survival. Intriguingly, the TRIB2 protein levels
have been found to be increased upon treatment with PI3K inhibitors. The present study
reveals that TRIB2 protein levels increase post PI3K inhibition due to a decrease in
proteasomal degradation. Proteasomal degradation is a mechanism for cells to get rid of
unnecessary or damaged proteins, keeping homeostasis. For degradation to be initiated,
the target proteins must be “tagged” through post-translational modifications such as
ubiquitination (64).

Our results imply that the degradation of TRIB2 is regulated by the PI13K pathway.
When PI3K inhibitors block the activation of the pathway, they appear to be affecting the
“tagging” of TRIB2 for degradation. As such, we hypothesise that a downstream target
that is activated upon PI3K/AKT signalling is responsible for the post-translational
modification that “tags” TRIB2 for proteasomal degradation. Obvious candidates include
MDMZ2 (Hill and Link, unpublished data) and COP1 (55), both E3 ubiquitin ligases that
interact with TRIB2. MDM2 is also a known target of AKT. These E3 ubiquitin ligases
may be responsible for the ubiquitination of TRIB2. However, the precise underlying
mechanism remains to be determined. A recent study reports other candidates responsible
for the degradation of TRIB2 (65). The authors show that p70S6K can phosphorylate
TRIB2, inducing the SMAD ubiquitination regulatory factor 1 (Smurfl) to
polyubiquitinate TRIB2 (65). They also showed that impairing any of these modifications
stabilizes TRIB2 and enhances its carcinogenic properties in liver cancer cells (65). These
data are very intriguing as p70S6K can be activated by PI3K/AKT signalling. Therefore
we hypothesise that the inhibition of PI3K might reduce MDM2 or Smurfl activity and
in turn decrease proteasomal degradation of TRIB2.

These are extremely relevant observations for cancer treatment, specifically for
drug resistance. In clinical practice, patients with tumours that overexpress TRIB2 will
have an intrinsic resistance to the use of PI3K inhibitors. Furthermore, patients with lower
levels of TRIB2, if treated with PI3K inhibitors, might acquire resistance through the
stabilization of TRIB2 protein levels.
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Further studies will be required to establish the underlying mechanism of TRIB2
degradation and how it affects cancer chemotherapies.

The present work also shows that TRIBZ is able to bind and activate AKT and that
this interaction is mediated by its COP1-binding domain. AKT is activated by
phosphorylation on two different residues, Threonine 308 and Serine 473. As shown here
TRIB2 expression increases phosphorylation of Ser473, a residue known to be
phosphorylated by the mTORC2 complex. There is very recent evidence in our lab that
TRIB2 does not affect the PDK-1 mediated phosphorylation of Thr308 (currently under
review). This data suggests that TRIB2 functions as an adaptor protein that facilitates the
phosphorylation of the Serine 473. We hypothesise that TRIB2 binds to AKT and recruits
mTORC2, which is known to phosphorylate the Ser473 residue. Another interesting
possibility emerges from a recent study by Velasco et al. on the role of TRIB3 in cancer.
This group shows that TRIB3 possesses a tumour inhibitory role through the regulation
of the activity of the AKT pathway in breast cancer cells (66). They also show that
inhibition of TRIB3 increases tumorigenesis due to enhanced phosphorylation of AKT
by the mTORC2 complex and subsequent inactivation of FOXO3 (66). Their results and
our data suggest that TRIB2 and TRIB3 may compete for AKT binding, with opposing
functions.

Another recent seminal work showed that TRIB2 can bind to ATP and
autophosphorylate in a metal-independent manner (67) suggesting that TRIB2 could act
as a kinase. They proved in vitro that ATP binds with low affinity to the Lys90 residue
of the catalytic site of TRIB2. They also show that targeting that site with small molecules
may be a viable pursuit for development of novel chemotherapeutics (67).

4.1- Future Directions

The findings presented in this study provide the groundwork for future basic and
translational research. The mechanism of by which TRIB2 protein levels are regulated,
in particular the identification of the molecular mechanism of its proteasomal degradation
and the involved players would shed light on the influence of PI3K/AKT signalling on
this process. As mentioned above this could be a mechanism for both acquired and
intrinsic resistance against anti-cancer drugs that interfere with the PISBK/AKT signalling
network. Expanding our studies to in vivo or clinical samples could establish TRIB2 as a
predictive biomarker capable of stratifying cancer patients into responders and non-
responders to these agents. The result showing the interaction of TRIB2 and AKT via its
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COP1 domain suggests several testable hypotheses, including the competition of TRIB2
and TRIB3 for AKT binding or the direct recruitment of the mTORC2 complex by
TRIB2/AKT. A further understanding of the exact mechanism how TRIB2 activates AKT
is of key importance for the development of therapies aimed at interfering with the

activation of AKT and to overcome TRIB2 mediated drug resistance.

This work only tested for a few downstream targets of the FOXO and p53
transcription factors. These factors are known to regulate the transcription of a vast array
of genes. As predicted, our results of ChlIP assays showed a suppression of FOX03a and
p53 target gene expression upon increased TRIB2 levels. These data was not presented
in this work for they were preliminary results and further experiments are required. The
identification of targets that are critically involved in TRIB2 mediated drug resistance

would further increase the mechanistic insight into this clinically relevant process.
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mannin. Taken together, this data strongly suggests that the protein signals
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and 0.1% gelatin.

Blocking peptide available for competition studies, sc-7985 P, (100 pg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.2% BSA).

=

APPLICATIONS ‘ Life Sci. 74: 1801-1816.

p-Akt1/2/3 (Ser 473)-R is recommended for detection of Ser 473 phosphary- 5. De Souza, C.T, et al. 2005. Short-term inhibition of peroxisome prolifera-
lated Akt1 and correspondingly Ser 474 phosphorylated Akt2 and correspond- tor-activated receptor-y coactivator-1ct expression reverses diet-induced
ingly Ser 472 phosporylated Akt3 of mouse, rat, human and Xenopus laevis diabetes mellitus and hepatic steatosis in mice. Diabetologia 48:

origin by Western Blotting (starting dilution 1:200, dilution range 1:100- 1860-1871.

1:1000), immunoprecipitation [1-2 pg per 100-500 g of total protein (1 ml of 8. Singleton, PA., et al. 2008. Transactivation of sphingosine 1-phosphate
cell lysate]], immunofluorescence (starting dilution 1:50, dilution range 1:50- receptors is essential for vascular barrier regulation. Novel role for
1:500) and solid phase ELISA (starting dilution 1:30, dilution range 1:30- hyaluronan and CDA4 receptor family. J. Biol. Chem. 281: 34381-34393.
100 7. Nincheri, P, et al. 2010. Sphingosine kinase-1/S1P1 signalling axis nega-
p-Akt1/2/3 (Ser 473)-R s also recommended for detection of carrespondingly tively regulates mitogenic respanse elicited by PDGF in mouse myohlasts.
phosphorylated Akt1, Akt2 and Akt3 in additional species, including bovine, Cell. Signal. 22: 1688-1699.

porcine and avian.

8. Alexandru, N., et al. 2011. Platelet activation in hypertension associated
Molecular Weight of p-Akt1: 62 kDa. with hypercholesterolemia: effects of irbesartan. J. Thromb. Haemost. 9:
Molecular Weight of p-AktZ: 56 kDa. 173-184.
Molecular Weight of p-Akt3: 62 kDa. ‘RESEARCH USE
Positive Controls: A-431 whole cell lysate: sc-2201, Jurkat whole cell Far research use only, not for use in diagnastic procedures.

lysate: sc-2204 or Hela + heat shock cell lysate: sc-2272.

Santa Cruz Biotechnology, Inc.  1.800.457.3801 B31.457.3800 faxB31.457.3301 Europe +00800 4573 8000 496221 45030 www.sebt.com

Figure A.1: Datasheet of phospho-AKT antibody (hhttp://www.scbt.com/)
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SANTA CRUZ BIOTECHNOLOGY, INC.

Akt1 (C-20): sc-1618

BIOTECHNOLDEY

Tha Powser to Ousstian

BACKGROUND \

[RESEARCH USE |

The serine/threonine kinase Akt family contains several members, including
Akt (also designated PKB or RacPK), Akt2 (also designated PKBf or RacPK-f)
and Akt3 (also designated PKBy or thyoma viral proto-oncogene 3), which
exhibit sequence homology with the protein kinase A and C families and are
encoded by the c-Akt proto-oncogene. All members of the Akt family have a
Pleckstrin homology domain. Akt1 and AktZ are activated by PDGF stimulation.
This activation is dependent on PDGFR-f tyrosine residues 740 and 751, which
bind the subunit of the phosphatidylinosital 3-kinase (P1 3-kinase) complex.
Activation of Akt1 by Insulin or Insulin-growth factor-1 (IGF-1) results in phos-
phorylation of both Thr 308 and Ser 473. Phosphorylation of both residues
is important to generate a high level of Akt1 activity, and the phosphorylation
of Thr 308 is not dependent on phosphorylation of Ser 473 in vivo. Thus, Akt
proteins become phosphorylated and activated in Insulin/IGF-1-stimulated
cells by an upstream kinase(s). The activation of Akt1 and Akt2 is inhibited
by the Pl kinase inhibitor Wortmannin, suggesting that the protein signals
downstream of the Pl kinases.

SOURCE |

Akt1 (C-20) is available as either goat (sc-1618) or rabbit (sc-1618-R) poly-
clonal affinity purified antibody raised against a peptide mapping at the
C-terminus of Akt1 of human origin.

PRODUCT \

Each vial contains 200 pg 1gG in 1.0 ml of PBS with < 0.1% sodium azide
and 0.1% gelatin.

Blocking peptide available for competition studies, sc-1618 P, (100 pg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.2% BSA).

Available as phycoerythrin conjugate for flow cytometry, sc-1618 PE, 100 tests;
and as agarose conjugate for immunoprecipitation, sc-1618 AC, 500 pg/0.25 ml
agarose in 1 ml.

APPLICATIONS |

Akt1 (C-20) is recommended for detection of Akt and, to a lesser extent,

Akt2 and Akt3 of mouse, rat, human and Xenopus [aevis origin by Western

Blotting (starting dilution 1:200, dilution range 1:100-1:1000), immunoprecipi-
tation [1-2 pg per 100-500 pg of total protein (1 ml of cell lysate}], immuno-

fluorescence (starting dilution 1:50, dilution range 1:50-1:500}, flow cytometry
{1 pg per 1 x 108 cells) and solid phase ELISA (starting dilution 1:30, dilution
range 1:30-1:3000).

Akt1 (C-20) is also recommended for detection of Akt1 and, to a lesser extent,
Akt? and Akt3 in additional species, including equine, canine, bovine, porcine
and avian.

Molecular Weight of Akt1: 62 kDa.

Positive Controls: Akt1 (h): 293T Lysate: sc-158248, Hela whole cell lysate:
5¢-2200 or IMR-32 cell lysate: sc-2409.

STORAGE \

Store at 4° C, **D0 NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.

For research use only, not for use in diagnostic procedures.

[DATA |
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Western blat analysis of Akt1 phospharylation innon- Akti {C-20): s¢-1818. Immunafluorescence staining
trarsfectad: se-117752 (AD), untreated human Aktl af methanal-fixed Hela cells showing cytaplasmic
transfected: se-158248 (BE) and lambda pratein phos-  lacalization

phatase (sc-2003124] treated human Akt1 transfected

5¢-158248 [C.F) 2937 whole cell lysates. Antibodies

tested include p-Akt1 (Thr 308): sc-135650 (A-C| and

Akt (C-20]: 5¢-1618 (D-F)

‘SELECT PRODUCT CITATIONS
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Figure A.2: Datasheet of Total AKT antibody (hhttp://www.scbt.com/)
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SANTA CRUZ BIOTECHNOLOGY, INC.

FKHRLT (N-16): sc-9813

BIOTECHNOLDEY

Tha Powser to Ousstian

[BACKGROUND

[STORAGE \

FKHRL1 {forkhead in rhabdomyosarcoma-like 1), also known as FOXO3 (fork-
head box 03) or FOXO3A, is a 673 amino acid transcriptional activator that
belongs to the FKHR subfamily of forkhead transcription factors. Transcrip-
tional activation of FKHR proteins is regulated by the serine/threonine kinase
Akt1, which phosphorylates FKHRL1 at Threonine 32 and Serine 253. Phos-
phorylation by Akt1 negatively regulates FKHRL1 by promoting its export
from the nucleus. Phosphorylated FKHRL associates with 14-3-3 proteins
and this complex is retained in the cytoplasm. Growth factor withdrawal
stimulates FKHRL1 dephosphorylation and nuclear translocation, leading to
FKHR-induced gene-specific transcriptional activation. Within the nucleus,
dephosphorylated FKHRL1 triggers apoptosis by inducing the expression of
genes that are critical for cell death.

‘ CHROMOSOMAL LOCATION

Genetic locus: FOX03 (human) mapping to 6921; Foxo3 (mouse) mapping to
10B2.

[SOURCE

FKHRL1 (N-16) is an affinity purified goat polyclonal antibody raised against
a peptide mapping at the N-terminus of FKHRL1 of human origin.

[PRODUCT

Each vial contains 200 g lgG in 1.0 ml of PBS with < 0.1% sodium azide
and 0.1% gelatin.

Blocking peptide available for competition studies, sc-9813 P, (100 pg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.2% BSA).

Available as TransCruz reagent for Gel Supershift and ChIP applications,
5c-9813 X, 200 pg/0.1 ml.

[APPLICATIONS

FKHRL1 {N-16) is recommended for detection of FKHRL1 of mouse, rat and
human origin by Western Blotting (starting dilution 1:200, dilution range
1:100-1:1000), immunoprecipitation [1-2 pg per 100-500 pg of total protein
{1 ml of cell lysate}], immunofluorescence (starting dilution 1:50, dilution
range 1:50-1:500), immunohistochemistry (including paraffin-embedded
sections) (starting dilution 1:50, dilution range 1:50-1:500) and solid phase
ELISA (starting dilution 1:30, dilution range 1:30-1:3000).

FKHRL1 {N-16) is also recommended for detection of FKHRL1 in additional
species, including bovine and porcine.

Suitable for use as control antibody for FKHRL1 siRNA (h): sc-37887, FKHRL1
SIRNA (m): sc-37888, FKHRL1 shRNA Plasmid (h): sc-37887-SH, FKHRL1

shRNA Plasmid (m}: sc-37888-SH, FKHRL1 shRNA (h) Lentiviral Particles:
sc-37887-V and FKHRL1 shRNA (m) Lentiviral Particles: sc-37888-V.

FKHRL1 (N-16) X TransCruz antibody is recommended for Gel Supershift and
ChIP applications.

Molecular Weight (predicted) of FKHRL1: 71 kDa.
Molecular Weight (observed) of FKHRL1: 87-99 kDa.

Store at4° C, **DO0 NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.

|DATA |

132K

o .]mu

FKHRLT (N-16): sc-3813. Western blot analysis of
FKHRL1 exprassion in non-transfected: sc-117752 (A}
and mouse FKHRLT transfected: sc-178817 (B} 2931
wihale cell lysates

FKHRLT (N-16]: sc-8813. Immunoperoxidase staining
af farmalin fixed, paraffin-embadded human adrenal
gland tissug showing eytoplasmic staining of
glandular cells.

[SELECT PRODUCT CITATIONS |
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insulin-regulated gene expression. J. Biol. Chem. 276: 8507-8515.

2. Nadal, A., et al. 2002. Down-regulation of the mitochondrial 3-hydroxy-3-
methylglutaryl-CoA synthase gene by insulin: the role of the forkhead
transcription factor FKHRL1. Biochem. J. 366: 289-297.

3.L, L, et al. 2003. Caveolin-1 maintains activated Akt in prostate cancer
cells through scaffolding domain binding site interactions with and inhibi-
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Biol. 23: 9389-9404.

4. Xiang, Y., et al. 2012. Calorie restriction increases primordial follicle
reserve in mature female chemotherapy-treated rats. Gene 493: 77-82.

5. Kornfeld, S.F, etal. 2012. Differential expression of mature microRNAs
involved in muscle maintenance of hibernating little brown bats, Myotis
lucifugus: a model of muscle atrophy resistance. Genomics Proteomics
Bioinformatics 10: 295-301.

[RESEARCH USE |

For research use only, not for use in diagnostic procedures.

[PROTOCOLS |

See our web site at www.scbt.com or our catalog for detailed protocols
and support products.

Santa Cruz Biotechnology, Inc.  1.800.457.3801  B31.457.3800

fax B31.457 3801

Europe  +00B00 4573 BOD0 49 6221 45030 www.sebt.com

Figure A.3: Datasheet of Total FOXO antibody (hhttp://www.scbt.com/)
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SANTA CRUZ BIOTECHNOLOGY, INC.

Actin (1-19): sc-1616

BIOTECHNOLDEY

Tha Powser to Ousstian

BACKGROUND

| [RESEARCH USE |

All eukaryotic cells express Actin, which often constitutes as much as 50% of
total cellular protein. Actin filaments can form both stable and labile structures
and are crucial components of microvilli and the contractile apparatus of mus-
cle cells. While lower eukaryotes, such as yeast, have only one Actin gene,
higher eukaryotes have several isoforms encoded by a family of genes. At
least six types of Actin are present in mammalian tissues and fall into three
classes. o Actin expression is limited to various types of muscle, whereas p
and y are the principle constituents of filaments in other tissues. Members
of the small GTPase family regulate the organization of the Actin cytoskele-
ton. Rho controls the assembly of Actin stress fibers and focal adhesion, Rac
regulates Actin filament accumulation at the plasma membrane and Cdc42
stimulates formation of filopodia.

For research use only, not for use in diagnostic procedures.

[DATA |
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Actin {I-19): sc-1616. Westem blat analysis af Actin

Actin {1-18): sc-1616. Immunafluorescence staining of

SOURCE

expression in C32 (A}, BC4HI (BJ, Sol & (C) and L8 (D]
‘ whole cell lysates.

methanol-fixed NIH/3T3 cells showing cytoskeletal
fluarescein mmunostaining of actin filaments. Note

Actin (1-19) is available as either goat (sc-1616) or rabbit (sc-1616-R) poly-
clonal affinity purified antibody raised against a peptide mapping at the
C-terminus of Actin of human origin.

nuclear thodamine immunostaining with PCNA {PC-10)
5-56 (A} Immunofluarescence staining of methanol-
fixed Hela cells showing cytoskeletal lacalization (B).

[SELECT PRODUCT CITATIONS |

PRODUCT \

Each vial contains 200 pg lgGin 1.0 ml of PBS with < 0.1% sodium azide
and 0.1% gelatin.

Blocking peptide available for competition studies, sc-1615 P, (100 pg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.2% BSA).

Available as TransCruz reagent for ChIP application, sc-1615 X, 200 pg/0.1 ml;
as agarose conjugate for immunoprecipitation, sc-1615 AC, 500 pg/0.25 ml
agarose in 1 ml; as HRP conjugate for Western blotting, sc-1615 HRP, 200 pg/
1 ml; as rhodamine (sc-1615 TRITC) canjugate for immunofluorescence, 200 pg/
1 ml; as phycoerythrin {sc-1615 PE) or fluorescein (sc-1615 FITC) conjugates
for flow cytometry, 100 tests; and as Alexa Fluor® 405 (sc-1615 AF405),
Alexa Fluor® 488 (sc-1615 AF488) or Alexa Fluor® 647 (sc-1615 AF647)
conjugates for flow cytometry or immunofluarescence; 100 pg/2 ml.

Alexa Fluor® is a trademark of Molecular Probes, Inc., Oregon, USA

APPLICATIONS \

Actin (1-19) is recommended for detection of a broad range of Actin isoforms
of mouse, rat, human, Drosophila melanogaster, Xenopus laevis, zebrafish and
Caenorhabditis elegans origin by Western Blotting (starting dilution 1:200,
dilution range 1:100-1:1000), immunoprecipitation [1-2 pg per 100-500 ug of
total protein (1 ml of cell lysate}], immunofluorescence (starting dilution 1:50,
dilution range 1:50-1:500), flow cytometry (1 pg per 1 x 108 cells) and solid
phase ELISA (starting dilution 1:30, dilution range 1:30-1:3000).

Actin {I-19} is also recommended for detection of a broad range of Actin
isoforms in additional species, including equine, canine, bovine, porcine and
avian.

Malecular Weight of Actin: 43 kDa.

STORAGE |

Store at 4° C, **DO NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.

1. Pogorzelska, E., et al. 1990. Modification of the test for determining bac-
terial capacity for nitrate reduction. Rocz. Panstw. Zakl. Hig. 41: 58-62.
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Figure A.4: Datasheet of Actin

antibody (hhttp://www.scht.com/)
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SANTA CRUZ BIOTECHNOLOGY, INC.

MDM2 (C-18): sc-812

Toe Power fo Question

[BACKGROUND

RESEARCH USE \

p53 is the most commonly mutated gene in human cancer identified to date.
Expression of p53 leads to inhibition of cell growth by preventing progression
of cells from G, to S phase of the cell cycle. Most importantly, p53 functions
to cause arrest of cells in the G, phase of the cell cycle following any expo-
sure of cells to DNA-damaging agents. The MDM2 (murine double minute-2)
protein was initially identified as an oncogene in a murine transformation
system. MDM2 functions to bind p53 and block p53-mediated transactivation
of cotransfected reporter constructs. The MOM2 gene is amplified in a high
percentage of human sarcomas that retain wildtype p53 and tumaor cells that
overexpress MDM2 can tolerate high levels of p53 expression. These findings
argue that MDM2 overexpression represents at least one mechanism by
which p53 function can be abrogated during tumorigenesis.

‘ CHROMOSOMAL LOCATION

Genetic locus: MDM2 (human) mapping to 12¢15; Mdm2 {mause) mapping
to 10 D2.

[SOURCE

MDM?Z {C-18) is an affinity purified rabbit polyclonal antibody raised against
a peptide mapping within the C-terminus of MDMZ of human origin.

[PRODUCT

Each vial contains 200 pg lgG in 1.0 ml of PBS with < 0.1% sodium azide
and 0.1% gelatin.

Blocking peptide available for competition studies, sc-812 P, (100 pg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.2% BSA).

[APPLICATIONS

MDM?2 (C-18) is recommended for detection of MDMZ of mause, rat and
human origin by Western Blotting (starting dilution 1:100, dilution range
1:50-1:500), immunoprecipitation [1-2 pg per 100-500 pg of total protein
{1 ml of cell lysate)], immunofluorescence (starting dilution 1:25, dilution
range 1:25-1:250) and solid phase ELISA (starting dilution 1:30, dilution
range 1:30-1:3000).

MDM2Z (C-18) is also recommended for detection of MDOMZ in additional
species, including equine, canine, bovine, porcine, avian and feline.

Suitable for use as control antibody for MOMZ siRNA (h): sc-29394, MDM2

sIRNA (m): sc-37263, MDMZ2 shRNA Plasmid (h): sc-29394-SH, MDM2 shRNA
Plasmid (m}): sc-37263-SH, MDM2 shBNA {h) Lentiviral Particles: sc-29394-V

and MDMZ shRNA {m) Lentiviral Particles: sc-37263-\.

Molecular Weight of MDM?Z: 90 kDa
Molecular Weight of MDM2 cleavage product: 60 kDa

Positive Controls: A-673 cell lysate: sc-2414, RAW 264.7 whole cell lysate:
s¢-2211 or MCF7 whole cell lysate: sc-2206.

STORAGE

Store at 4° C, **DO NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.

Santa Cruz Biotechnology, Inc. 18004573801 831457 3800

fax B31.457 3801

For research use only, not for use in diagnostic procedures.
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MOM?Z (C-18} sc-812 Western blot analysis of MOMZ2

MOM?Z (C-18): sc-812 Immunafluarescence staining of
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SELECT PRODUCT CITATIONS
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Figure A.5: Datasheet of MDM2 antibody (hhttp://www.scbt.com/)
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SANTA CRUZ BIOTECHNOLOGY, INC.

Bim (H-191): sc-11425

BIOTECHNOLOEY

Tha Power o Quastion

'BACKGROUND

[RESEARCH USE

Pro-apototic Bel-2 family members promote cell death by neutralizing their
anti-apoptotic relatives, which atherwise maintain cell viability by regulating
caspase activity. Bim belongs to the BH3-only subgroup of Bel-2 related pro-
teins and exists in three distinct isoforms, Bimg (short), Bim_(long) and Bimg
(extra long). ERK1/2 phosphorylates Bimg,, resulting in rapid degradation of
the isoform via the proteasome pathway. At least three sites for ERK1/2
phosphorylation exist on Bimg, whereas ERK1/2 does not effect Bimg or
Bimy, implying a unique rale for Bimg_ in cell survival signaling.

‘ CHROMOSOMAL LOCATION

Genetic locus: BCL2L11 (human) mapping to 2q13; Bel2111 {mouse) mapping
to 2 F1.

'SOURCE

Bim (H-191) is a rabbit polyclonal antibody raised against amino acids 4-195
of Bimg_of human origin.

For research use anly, not for use in diagnostic procedures.

[DATA
P
25K — ‘g” Bimg|
£~ Bimmy
15K — & Bimg
10K —

Bim (FL-198]: s¢c-11425. Western blot analysis of Bim
isofom expression in HUT 78 whale cell lysate

Bim (H-191}: sc-11425. Immunofluarescence staining of
normal mouse lymph nade frozen section shawing cyta-
plasmic staining (A]. Immunoperaxidase staining of

formalin fixed, paraffin-embedded human kidney tissue
shawing cylaplasmic staining of cells in lubules B

|SELECT PRODUCT CITATIONS

[PRODUCT

Each vial contains 200 pg IgG in 1.0 ml of PBS with < 0.1% sodium azide
and 0.1% gelatin.

'APPLICATIONS

Bim (H-197} is recommended for detection of Bimg, Bim and Bimg of mouse,
rat and human origin by Western Blotting (starting dilution 1:200, dilution
range 1:100-1:1000), immunaprecipitation [1-2 pg per 100-500 g of total pro-
tein {1 ml of cell lysate]], immunofluorescence (starting dilution 1:50, dilution
range 1:50-1:500), immunohistochemistry (including paraffin-embedded sec-
tions) (starting dilution 1:50, dilution range 1:50-1:500) and solid phase ELISA
(starting dilution 1:30, dilution range 1:30-1:3000).

Suitable for use as control antibody for Bim siRNA (h): sc-29802, Bim siRNA

{m): sc-29803, Bim shRNA Plasmid (h): sc-29802-SH, Bim shRNA Plasmid (m):
5c-29803-SH, Bim shRNA (h) Lentiviral Particles: sc-29802-V and Bim shRNA
(m) Lentiviral Particles: sc-29803-V.

Molecular Weight of Bimg: 19 kDa.
Molecular Weight of Bim,: 21 kDa.
Molecular Weight of Bimg : 24 kDa.

Positive Controls: HuT 78 whole cell lysate: s¢-2208 or HL-60 whale cell
lysate: sc-2209.

'STORAGE

Store at 4° C, **DO NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.

[PROTOCOLS

See our web site at www.scbt.com or our catalog for detailed protocols
and support products.
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Figure A.6: Datasheet of BIM antibody (hhttp://www.scht.com/)
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FAS-L (C-178): sc-6237

BIOTECHNOLOEY

Tha Power o Quastion

'BACKGROUND

[RESEARCH USE

Cytotoxic T lymphocyte (CTL)-mediated cytotoxicity constitutes an important
component of specific effector mechanisms in immuno-surveillance against
virus-infected or transformed cells. Two mechanisms appear to account for
this activity, one of which is the perforin-based process. Independently, a FAS-
based mechanism involves the transducing molecule FAS (also designated
Apo-1)and its ligand (FAS-L). The human FAS protein is a cell surface glyco-
protein that belongs to a family of receptors that includes CDA0, nerve growth
factor receptors and tumor necrosis factor receptors. The FAS antigen is
expressed on a broad range of lymphoid cell lines, certain of which undergo
apoptosis in response to treatment with antibody to FAS. These findings
strongly imply that targeted cell death is potentially mediated by the inter-
cellular interactions of FAS with its ligand or effectors, and that FAS may
be critically involved in CTL-mediated cytotoxicity.

' CHROMOSOMAL LOCATION

For research use anly, not for use in diagnostic procedures.

[DATA
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FAS-LI{C-178]. 5¢-B237. Westem blot analysis of FAS-L
expression in AML-193 (A], HL-80 (B}, K-562 (C),
CCRF-CEM (D} and Jurkal (E} whale cell lysates

Genetic locus: FASLG {human) mapping to 1g24.3; Fasl (mouse) mapping to
1H2.1.

SOURCE

FAS-L (C-178) is a rabbit polyclonal antibody raised against amino acids
100-278 mapping at the C-terminus of FAS-L of rat origin.

'PRODUCT

Each vial contains 200 pg IgG in 1.0 ml of PBS with < 0.1% sodium azide
and 0.1% gelatin.

Available as agarose conjugate for immunoprecipitation, sc-6237 AC,
500 pg/0.25 ml agarose in 1 ml.

'APPLICATIONS

FAS-L (C-178) is recommended for detection of FAS-L of mouse, rat and
human origin by Western Blotting (starting dilution 1:200, dilution range
1:100-1:1000), immunoprecipitation [1-2 pg per 100-500 pg of total protein
(1 ml of cell lysate)], immunofluorescence (starting dilution 1:50, dilution
range 1:50-1:500) and solid phase ELISA (starting dilution 1:30, dilution
range 1:30-1:3000).

Suitable for use as control antibody for FAS-L siRNA (h): sc-29313, FAS-L
SIRNA (m): sc-35358, FAS-L shRNA Plasmid (h): sc-29313-SH, FAS-L shRNA
Plasmid (m): sc-35358-SH, FAS-L shRNA (h) Lentiviral Particles: sc-29313-V
and FAS-L shRNA {m) Lentiviral Particles: sc-35358-V.

Molecular Weight of soluble FAS-L: 26 kDa.
Molecular Weight of FAS-L membrane: 40 kDa.

Positive Controls: HL-60 whole cell lysate: sc-2209, Jurkat whole cell lysate:
sc-2204 or K-562 whole cell lysate: sc-2203.

STORAGE

Store at 4° C, **DO NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.

|SELECT PRODUCT CITATIONS

1. Chen, MK., et al. 1999. FAS-mediated induction of hepatocyte apoptosis
in a neurobalstoma and hepatocyte coculture model. J. Surg. Res. 84:
82-87.

2.Wang, Y., et al. 2008. Protective effect of a standardized Ginkgo extract
{ginaton) on renal ischemia/reperfusion injury via suppressing the activa-
tion of JNK signal pathway. Phytomedicine 15: 923-931.

3. Liy, @B, et al. 2010. The induction of reactive oxygen species and loss of
mitochondrial Omi/HtrAZ is associated with S-nitrosoglutathione-induced
apoptosis in human endothelial cells. Toxicol. Appl. Pharmacol. 244:
374-384.

4. Williams, K.E., et al. 2010. Lumican reduces tumor growth via induction of
fas-mediated endothelial cell apoptosis. Cancer Microenviron. 4: 115-126.

5. Pan, J., et al. 2010. Small peptide inhibitor of JNKs protects against
MPTP-induced nigral dopaminergic injury via inhibiting the JNK-signaling
pathway. Lab. Invest. 90: 156-167.

6.Qi, S.H., et al. 2010. Neuroprotection of ethanol against ischemia/reperfu-
sion-induced brain injury through decreasing c-Jun N-terminal kinase 3
(JNK3) activation by enhancing GABA release. Neuroscience 167:
1125-1137.

7. Jin, X., etal. 2010. Apoptosis-inducing activity of the antimicrobial peptide
cecropin of Musca domestica in human hepatocellular carcinoma cell line
BEL-7402 and the possible mechanism. Acta Biochim. Biophys. Sin. 42:
259-265.

.Li, C., et al. 2010. Coactivation of GABA receptors inhibits the JNK3
apoptotic pathway via disassembly of GIuR6-PSD-95-MLK3 signaling
module in KA-induced seizure. Epilepsia 51: 391-403.

@

©

.Zhang, J., et al. 2011. Activation of GluRG-containing kainate receptors
induces ubiquitin-dependent Bcl-2 degradation via denitrosylation in the
rat hippocampus after kainate treatment. J. Biol. Chem. 286: 7669-7680.
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Figure A.7: Datasheet of FasLG antibody (hhttp://www.scbt.com/)
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p27 (F-8): sc-1641

BIATECAMBLEET

T Powear 2 Gisarior

BACKGROUND

Cell cycle prograssion is regulated by a saries of cyclin-dependant kinases
that consist of catalytic subunits, dasignatad Cdks, and activating subunits,
designatad cyclins. Orderly progression through tha cell cycla raguiras the
activation and inactivation of differant cyclin-Cdks at approprizate imes. A
saries of proteins has bean racantly describad that function as “mitodic inhib-
ibars.” These include p21, the levels of which ara alevatad upon DNA damaga
in Gy in 2 p53-dependent manne, p16 and a more recently describad pl6 re-
lated inhibitor designated p15. A p21 related protain, p27, has been described
35 a nagativa reguiator of &y progression and has been speculated to function
a5 a possible madiator of TGHA-induced G, arest. pz7 interacts strongly with
D-type cyclins and Cdk4 i viko and to a lasser axtant with cyclin E and Cdiz.

|CHROMOSOMAI. LOCATION

Genetic locus: COKN1E (human) mapping fo 12p13.1; Cdin1 b (mousa)
mapping ta & G1.
|souRCE

p27 (F-8) is a mouse maonaclonal antibody raisad against aming acids 1-197
rapresenting full length p27 of mouse origin.

|PrRODUCT

Each vial containg 200 pg IgG, in 1.0 ml of PES with < 0.1% sodium azide
and 0.1% gelatin.

Available 25 agarosa conjugate for immunapracipitation, sc-1641 AC,

500 pg/0.25 mi agarosa in 1 mil; fluarescain (sc-1641 FITC) or rhodamine
{sc-1641 TRITC) conjugates for immunofluorescanca, 200 pg/ml; Alexa
Fluar® 406 (sc-1641 AF405), Alaxa Fluor® 438 (sc-1641 AF48E| or Alaxa
Fluor® 47 [sc-1641 AFG47) conjugates for flow cytomatry or immunofiuores-
canca; 100 pgf2 ml.

Al Fuor® is a trademark of Miolerular Probes, inc, Oregon, LSA.

[APPLICATIONS

pz7 (F-8) is racommandad for detection of p27 of mousa, rat and human
arigin by Western Blotting istarting dilution 12200, dilution range 1:100-
121000}, immunoprecipitation [1-2 pg per 100-500 pg of total protein (1 m
of call lysatal], immunofiuorescence (starting dilution 1:50, dilution ranga

1:50-1:500), immunohistochemistry (inchuding paraffin-embadded sections)
{starting difufion 1:50, dilution ranga 1:50-1:5000, flow cytometry (1 pg per
1% 10F calls) and solid phasa ELISA (starting dilution 1:30, dilution range
1:30-1:30001

Suitzble for use =5 control 2ntibody for pZ7 SIANA (hE sc-29429, p7 siANA

{mi: 5£-29430, pZ7 shAMNA Plasmid {hi: sc-29429-5H, p27 shAMNA Plasmid jmi:
5C-29430-5H, p27 shRMNA (h) Lentiviral Particles: sc-23425-¥ and pe7 shANA
{m Lentiviral Particles: sc-23430-M

Malocular Wainht of p27: 27 kDa.

Pasitiva Controls: MM-142 cell lysate: sc-2246, MCF? whole call lysate:
3C-2206 or KNRK whole cell lysate: sc-2214.

| STORAGE

Store at 4= C, **D0 NOT FREEZE®®. Stabla for one year from the date of
shipment. Non-hazardous. Mo MSDS required.

[DATA |

A B

48—

e -
THC - . o

19€ -

2T 781 - 1641, Westem bict ansiysis of 337
axpmian i M- 142 ) ane KNEK [B] whola il
Iysatas

T [F-E 52-1641. Immunopasanides staining of fo:-
P b, S3m3n- S huren bisest cammeTa
tizzva showing nuckear local irtion of paT

| SELECT PRODUCT CITATIONS |

1. Raynoud, E., et al. 1939, pa7¥ie? stabilires the MyoD protein by inhibiting
cycdin E-Cdk? kinase activity in growing myoblasts. Mal. Call. Biol. 13
T621-T628.

2. Zang, A.T. and Bartrand, B. 1929, Caspase inhibition in camptothacin-
treatad U-937 cells is coupled with a shift from apoptosis to transiant &,
arrast followed by nacrofic cell death. Cancar Ras. 55 3565-3569.

3. Kato, K., et al. 2011. Sodium butyrata inhibits the salf-ranawal capacity of
andometrizl tumor sida-population calls by inducing 2 DMA damage
respanse. Mol Cancer Thar. 10: 1430-1439,

4. Kollmann, K., et al. 2011. c-JUN promotes BCR-ABL-induced lymphoid
leukamia by inhibiting mathylation of the & ragion of Cdke. Blood 117:
ADE5-4075.

5 Bonfili, L. et 2. 2011. ldentification of an BGCG oxidation dervative with
profeasome miodulatory activity. Biochimia 33 531-940.

B Hsu, J.D., et al. 2011. Gallic acid inducas Gy/M phase amest of brazst can-
ar call MCF-7 through stabilization of p27¥#! attributed to disniption of
pZ7%el /5kp2 complex J. Agric. Food Cham. 55 1395-2003.

7.Li, L, etal 2011. SIAT acts as a medulator of necintima formation follow-
ing vascular injury in mice. Circ. Bas. 108 1130-1189.

B. Musumeci, &, at al. 2011. Minaral fibre toxicity. axpression of ratinoblas-
tomea (Rh) and phospho-ratinoblastoma |pRh) protein in alvaolar opithalial
and mesothelial cell lines eaposed to fluoro-edenite fibres. Cell Biol.
Towicol. 27: 217-225.

5. Fraije. A, et al. 2012, Cyclin E drives human karatinocyte growth into
differentiation. Oncogene 21; 5180-5152.

10.Bonfili, L., et al. 2012. Arene-Au® complexas of curcumin axert antitumor

activity via proteasoma inhibition and apaptosis induction. ChemMadChem
7. 2010-2020.

[RESEARCH USE
For research use only, not for use in diagnostic proceduras,
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Figure A.8: Datasheet of p27 antibody (hhttp://www.scbt.com/)
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p-FKHRLT (Ser 253): sc-101683

[BACKGROUND

APPLICATIONS \

FKHRL1 (for forkhead in rhabdomyosarcoma) is a member of the FKHR sub-
family of forkhead transcription factors. Transcriptional activation of FKHR
proteins is regulated by the serine/threonine kinase Akt1, which phospho-
rylates FKHRL1 at Threonine 32 and Serine 253. Phospharylation by Akt1
negatively regulates FKHRL1 by promoting its export from the nucleus.
Phosphorylated FKHRL1 associates with 14-3-3 proteins and this complex
is retained in the cytoplasm. Growth factor withdrawal stimulates FKHRL1
dephasphorylation and nuclear translocation, leading to FKHR-induced gene-
specific transcriptional activation. Within the nucleus, dephosphorylated
FKHRL1 triggers apoptosis by inducing the expression of genes that are
critical for cell death.

REFEREN CES

1. Galili, N., Davis, R.J., Fredericks, W.J., Mukhopadhyay, S., Rauscher, EJ. IIl,
Emanuel, B.S., Rovera, G. and Barr, E.G. 1993. Fusion of a forkhead domain
gene to Pax-3 in the solid tumour alveolar rhabdomyosarcoma. Nat.
Genet. 5: 230-235.

2. Anderson, M.J., Viars, C.S., Czekay, S., Cavenee, WK. and Arden, K.C.
1998. Cloning and characterization of three human forkhead genes that
comprise an FKHR-like gene subfamily. Genomics 47: 187-199.

3. Biggs, W.H. lll, Meisenhelder, J., Hunter, T, Cavenee, WK. and Arden, K.C.
1999. Protein kinase B/Akt-mediated phosphorylation promotes nuclear
exclusion of the winged helix transcription factor FKHR1. Prac. Natl. Acad.
Sci. USA 96: 7421-7426.

4. Brunet, A., Bonni, A., Zigmond, M.J., Lin, M.Z., Juo, P, Hu, LS., Andersan,
M.J., Arden, K.C., Blenis, J. and Greenberg, M.E. 1999. Akt promotes cell
survival by phosphorylating and inhibiting a forkhead transcription factor.
Cell 96: 857-868.

5. Tang, E.D., Nunez, G., Barr, EG. and Guan, K.L. 1999. Negative regulation
of the forkhead transcription factor FKHR by Akt. J. Biol. Chem. 274:
16741-16746.

p-FKHRL (Ser 253) is recommended for detection of Ser 253 phospharylated
FKHRLY of human origin and correspondingly phosphorylated Ser 253 of
mouse and rat origin by Western Blotting (starting dilution 1:200, dilution
range 1:100-1:1000), immunoprecipitation [1-2 pg per 100-500 pg of total
protein (1 ml of cell lysate)], immunofluorescence and immunohistochem-
istry (including paraffin-embedded sections) (starting dilution 1:50, dilution
range 1:50-1:500).

Suitable for use as control antibody for FKHRLT siRNA (h): sc-37887, FKHRL1
siRNA (m): sc-37888, FKHRL1 shRNA Plasmid (h): sc-37887-SH, FKHRL1
shRNA Plasmid (m): sc-37888-SH, FKHRL1 shRNA (h) Lentiviral Particles:
sc-37887-V and FKHRL1 shRNA (m) Lentiviral Particles: sc-37888-V.

Molecular Weight of p-FKHRL1: 97 kDa.

Positive Controls: NIH/3T3 + serum cell lysate: sc-2248, NIH/3T3 + serum
cell lysate: sc-2248 or Hela + serum-starved cell lysate: sc-24693.
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Westem blot analysis of FKHRLI phospharylation in
non-transfected: se-117752 (A, D}, untreated mouse

Westem blat analysis of FKHRLI phas phorylation in
untreated (AD], serum starved and serum Lreated

‘ CHROMOSOMAL LOCATION

Genetic locus: FOXO03A (human) mapping to 6g21; Foxo3a {mouse) mapping
t0 10 B2,

[SOURCE

p-FKHRL1 (Ser 253} is a rabbit palyclonal antibody raised against a short
amino acid sequence containing phosphorylated Ser 253 of FKHRL1 of
human origin.

[PRODUCT

Each vial contains 100 pg IgG in 1.0 ml of PBS with< 0.1% sodium azide
and 0.1% gelatin.

(BJE} and serum starved, serum Lreated and lambda
protain phosphatase (sc-2003124] reated (CF) Hela
whole cell lysates. Antibodies tested include p-FKHRLT
(Ser 253): sc-101683 (A, B,C} and FKHRL1 {H-144)
sc-11351 (DEF

p-FKHAL1 (Ser 253): sc-101683. Immunofluarescence
staining of methanal-fixed NIH/3T3 cells showing
nuclear localization.

FKHRLI transfected: sc-178617 (B E} and lambda
protein phosphatase (sc-200312A] treated mouse
FKCHRLI transfecled: sc-178617 (CF) 293T whole cell
lysates. Antibodies tested include p-FKHRLT {Ser 253};
s¢-101683 (A B C} and FKHRLT (m]: 293T Lysate
s¢-11351 (D.EF|

p-FKHRL1 (Ser 253} sc-101683. Immunaperoxidase
staining of formalin-fixed, parafin-embadded human
breast carcinoma tissue showing nuclear staining

RESEARCH USE

For research use only, nat for use in diagnostic procedures.

'PROTOCOLS

[STORAGE

Store at 4° C, **D0O NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.

Santa Cruz Biotechnology, Inc. 18004573801 831457 3800

fax B31.457 3801

See our web site at www.scbt.com or our catalog for detailed protocols and

support products.

Europe  +00800 4573 800D

498221 45030
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Figure A.9: Datasheet of phospho-FOXO antibody (hhttp://www.scbt.com/)
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Lamin A/C (N-18): sc-6215

| EACKGROUND

A umiqua family of cystaine proteasas has bean describad that diffars in
saquence, structure and substrate specificity fram any praviously describad
proteasa family. This family, termad Ced-3/ICE. is comprisad of ICE, CPP3Z,
ICH-1/Medd-2, Tx, Mch2, Mcha (ICE-LAPZ or CMH-1), Mch4 and ICE-LAPE.
Ced-3/ICE family members function as kay components of the apaptotic
machinery and act to destroy specific tanget proteins which are critical to
callutar longevity. Nuchaar |aming are critical to maintaining the intagrity of
the nuchaar anvelopa and cellular monphology. Tha nuclear Lamin A is cheaved
by Mchz, but pot CPP22. Nuclear Lamin B is fragmenied as a consequanca
of apoptosis by an unidantifiad mamber of the ICE family. Lamin C is a splice
variant of Lamin A, diffiaring only at the carboxy-termines. Laming A and C
are identical for the first 566 amino acids, with Lamin C differing only in &
uriique carboxy-termiral amino 2cids.

| CHROMOSOMAL LOCATION

Ganatic bocus: LMNA (human) mapping 10 1g22; Lmna (mause] mapping
to3H.

|souRCE |

Lamin A/C {N-18] is an affinity purified goat pofyclonal antibody raisad against
3 peptide mapping at the M-terminus of Lamin A/C of human ongin.

[PrRODUCT |

Each vial contains 100 pg |gG in 1.0 ml of PBS with < 0.1% sodivm azide
and 0.1% gelatin.

Blocking peptida available for compatition studies, sc-6215 P {100 pg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.:2% BSA).

| APPLICATIONS |

Lamin A/C {M-18} is recommanded for detection of Lamin A and Lamin C of
mause, rat and human arigin by Westarn Blotting (starting dilution 12200,
dilution range 1:100-1:1000), immunoprecipitation [1-2 pg per 100-500 pg
of total pratain (1 mi of call lysata)]. immonofluarascence |starting dilution
1:50, dilution range 1:50-1:500] and salid phase ELISA (starting dilution
1230, dilution ranga 1:30-1-3000).

Lamin A/C IN-18} is alse recommanded for datection of Lamin A and Lamin C
in additional species, including equing, canina, bovine and porcine.

Suitable for use as control antibody for Lamin A/T siANA (h); sc-35776,
Lamin A/C siANA mi: sc-29385, Lamin A/C shANA Plasmid (hj: so-35776-5H,
Lamin A/C shRENA Plasmid (m: sc-23385-5H, Lamin A/C shBNA ()
Lentiviral Partichas: 5c-35776-V and Lamin &/C shBNA (m) Lantiviral
Partichas: sc-79385-V.

Malecular Waight of Lamin A/C: 69/62 kDa.

[STORAGE |

Stare 3t 4= C, **D0 NOT FAEEZE®®. Stable for ona yaar from tha date of
shipmant. Man-hazardous. No M3DS required.

RIRTECHNBLEEY

T Powear 2 Gisarior

| |RESEARCH USE |

For research use only, not for use in diagnostic procedures.
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| SELECT PRODUCT CITATIONS

1. Barbarg, P, at al. 2082. Unraveling tha organization of the intamal nuclaar
matrix: ANA-dapandent anchoring of NubdA to 2 kamin scafivkd. Exp. Call
Fas. 7% 707-218.

2 Ly, GH, etal 2011. Racapitulation of prematura againg with iPSCs from
Hutchinsan-Gilford progeria syndroma. Natura 472; 221-225.

3. Bartrand, A.T., et al. 2012, Delk3z-lamin A/C has abnommal location and
inducas incomplets tissue meturation and sevara metabolic defects laading
to pramatura death. Hum. Mal. Genet. 21: 1037-1048.

4.0, 5.0, atal. 2012, Proteomic and protein intaraction natwaork analysis
of human T lymphocytes during cell-cycle eniry. Mol Syst. Biol. 8: 573,

5. Magagnotti, C., et al. 2012 Protein profiling revaals enengy metabalism
and cytoskalatal protain alterations in LMMA mutation carmiers. Biochim.
Biophys. Acta 162E 970-973,

E. Adriana, B, et al. 2012 Malanocartin 5 raceptor signaling and intarmaliza-

tion: rale of MAPK/ERE pathrway and f-armesting 1,/2. Maol. Cell. Endocrinol.
J61: 63-79.

7. Capanni, C., et al. 2012. Familial partial lipodystrophy, mandibuloacral

dysplasia and restrictiva dermopathy feature barrier-to-autointagration
factar (BAF) nuclear redistribution. Cell Cycle 11: 3568-3577.

E Madureira, PA, ot al. 2012, Genotoxic agents promate the nuclear accu-
mulation of annexin A2: role of annexin AZ in mitigating DNA damaga.
PLoS ONE 7: e50691.

8. Permin, 3., et al. 2002, HIV protease inhibitors do not causa tha accumula-
tion of prelamin A in PEMCs from patients racaiving first line therapy: the
ANRS EP45 “aging” study. FLoS ONE 7: 853035,

10.Kulz, A, et 2l 7013, HIV-1 pre-mAMNA commitment to Rey medizted axport
through PEF and Matrin 3. Virology 435: 325-340.

11.Garcta-Carzo, L., et al. 2013. Dysfunctiona| Cogd protein causes predomi-

nant encephalomyopathy associzted with Coll deficiency. Hum. Mol
Genet. 77: 17331248,
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Figure A.10: Datasheet of Lamin antibody (hhttp://www.scbt.com/)
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Phospho-MDM2 (Ser166)
Antibody
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Thiz prodect |5 Intendsd for TESEaMh purposss oaly. This product 15 not Imended {0 be ussd for
therapeutic or dIEgNOStE PETPOZES [N hUMENS OF 2RIMAlS.
Applications Specias Cross-Reactivity* Malecular Wt. Source
W H,M.R 90 kDa Rabbit=*
Endogenous
Background: MOMZ, 2 ubiquitin ligass for p53, plays & i
pentral rolk in reguiafion of the stebility of p53 (1), Aki-me- T 2
diged phosphorylstion of MOM2 =t S2r165 and Sar185 in- ] - N_ Phespho-snse
Cremses s intaraction with p300), allowing MONZ-medialed *gg : {88r168)
ubiqutination and degradation of p53 [2-4). Phosphorylation
of MOM?Z also blocks i binding bo pI0ARF, incresing the  pecem Bt malysis of svfrack fom COS calls, imtanstacied
degradation of p53 (3). or i boieg wilh Wid-me or mutant 51665 1964) MO,
using Pinsphio-MOWE [Feri 55 Anfbody

Specificity/Sensifivity: Fhospho-MOM2 [Sert6E)
faftibody detects endogenous levels of MOM2 only when
phosphorylsted 2 Ser166.

kla
Seurce/Purificafion: Polyclonal antibodies ane produced sl asphe
by mmunizing animats with a synthetic phosphopeptide i o - -_&niﬁ] mam
canmesponding fo residues surounding SariBE of human
MIM2. Antidodies ane purified by protein A and peplide Bl ==
aifinity chyomasograptty. 0 15 3 B 0 IEF(min)
Background References: Weskm bio analsis o' sximck Fom MCF-7 ol fosto g with
(%) Haupt, Y. ot al. [1997) Nafurs 357, 295-239. ﬁﬁ;; the indicated fimes, using Phospfic-MOE? (Ser 65
L)

%) Mayo, L0 and Donner, DB, (2001) Froc. Nai! Acad.
Soi (5408, 1155611603

() Zhou, B. P et al. (2001) Nt Call Biol, 3, 573-981.
{4) Grossman, 5. R, et al. [199€) Mol. Cail 2, 405415

Cell Signaling

TECHNOLOOGY*

Orders = B77-616-CELL (2355)
orders@cellsignal.com
Support W B77-67B-TECH (B224)
infeé@ceallsignal .com
Web B www cellsignal com

Entrez-Gens ID #4133
Swiss-Prot Ace. #O00987

IMPORTANT: For western blnts, incubate membrane with diluted antibody in 5% w/v BSA, 1X TBS.
10.1% Tween-20 at 4°C with gentle shaking, overnight.

@ 2010 C ell §i gnaling Tachnol gy, Inc.

Storage: Supplied in 10 mM =sodium HEPES (pH 7.5, 150 mM

WaCl, 100 pg/ml BSA and 507% plycaml. Siore at —20°C.

1D ot aliguaf ffm anfibogy:

*Species cross-reactivity iz determined by western blot.

**Anti-rabbit secondary anfibedies must be used fo
detect this antibody.

Recommended Antibody Dilutions:

‘Wesiem Hlotting 11000

For application specific protocols please see the web
page for this product at www.cellzignal.com.

Please visit www._cellsignal.com for a complete listing
of recommended companion products.

Applications Key: W—lesen  P—imunopropizion E—mmunchsiochemsry  ChlP—Chomatn munoprecipizion  [F—immeolsorscenee. F—Flowoplomety  E-P—EL BA-Peplide
Species Cross-Reactivip Koy H—tuman M—mose B—a He—omer  Mk—qodey  Wi—mink  [—chiden Dm0 mebrogeser X—Jescpes  I—niafsd  B—boie

Dg—og Pg— Se—omise CeL.cepm  Hr—or Ml spcies expered. Species eaclosed]in paretheses a0 peadicted 12 react besed on 9004 ooy,

Figure A.11: Datasheet of phospho-MDMZ2 antibody (hhttp://www.cellsignal.com/)
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SANTA CRUZ BIOTECHNOLOGY, INC.

goat anti-rabbit IgG-HRP: sc-2030

NATECANBLEEY

Tw Powenr 2 (i

BACKGROUND

Santa Cruz Biotechnology's secondary antibodies are available conjugated to
aithar an arzymea, biotin or fluarophora for use in a vanaty of antibody-basad
applications including Westarn Blot, immunostaining, flow cytomatry and
ELISA. W offer Cruz Markar™ compatible sacondary antibodies, which are
used in conjunction with Santa Cnue Biotachnology's Cnuz Marker™ malecular
waight standards, Cruz Markar™ compatible secondary antibodias recogniza
an epitopa commen 1o 2ach of the Cruz Marker™ malecular weight standards
and are providad a5 horsaradish peroaxidasa (HRP) and alkaline phosphatase
(AP conjugated secondary antibodies for datection of mouse, goat, rabbit and
rat primary antibodies. Pre-adsorbed HAP and AP conjugated Cruz Marker™
compatible secondary antibodias are alse available and are racommanded
for use with immunoglobufin-rich samples.

| sTORAGE |
Store at 4= C, **D0 NOT FREEZE*™. Stable for ana year from the date of
shipment. Man-hazardous. Mo M305 required.

[DATA |

A B CDE F

= ] M Jamian

!IIK'

:m.“-_- —plasE

TE-

[SOURCE

goet anti-rabbit lgG-HAP is a CruzMarkes™ compatibla, affinity purified sec-
ondary antibody rised in goat against rabbit Igh and conjugated fo HAP
(harseradish peroxidase).

|PRODUCT
Each wigl containg 200 pg IgG in 0.5 mi of 1X PBS containing 40% glyceral.

| APPLICATIONS

goat anfi-rabbit IgG-HRAP is recommended for detection of rabbit Ig& by
Westem Eloiting {starting dilution: 1:5000, dilution range 1:5000-1:10000
starting dilution to ba detarmined by titration).

| RECOMMENDED SUPPORT PRODUCTS

= UbiraCne™ Tissue Cultura Dish, 100 mm polystyrena dish: sc- 200785

~ UbiraCnue™ Call Scrapars, 25 cm, starila, 100 par casa; sc-713773

~ RIPA Lyzis Buffer, 50 ml, cell bysis buffer with protease inhibitors: sc-74548
- Complzta™ Protease Inhibitor Cocktail Tablat, 20 tablats: sc-29130

- Hectrophorasis Sampha Buffer, 2X, 26 mi, reducing buffar, sc-24845

= UitraCruy™ PVDF Transfer membrane, 0.45 um, 30 cm x 3 m roll: sc-3723

= UktraCruz™ Nitrocallulose Pura Transfer Mambrang, 0.22 ym,
30cm x 3 m roll: 5c-3718

~ Cnuz Blot-A- sc-3501 {Wistarn blotting membrane with human cell line
axtracts from 10 diffarent cell types)

~ Punming Buffer, 10X, 1 L, TRIS-Glycina WE running buffer, pH £.3: sc-24349
~ Towbin, with SOS, 10X, 1 L, WE transfer bufier pH 8.3: sc-24954

- Baving Sarum Albumin (BSA), 100 g, blocking/fincubation agent: se-2323

- THS Blotto A, iyophifized powdar in singla-usa bottle: sc-2333

- Wastem Blotting Luminol Raagent, for 2,000 cm? mambrang area; sc- 2043

= UkiraCne™ Elactrophoresis Call: sc-201625: uns up to 10 or 15 sampla by
EDS — PAGE protain electrophonesis
= UbtraCne™ Autoradiography Film, Blua, 8 x 1, 100 sheats: sc-701687

~ Cruz Marker™ Mobacular Weight Standards, for 50 gals: sc-2035

gaat sttt IgE-HAF: 5o A0, Wastom biot arly
szl COLEAT axprossion in HsEE (&), Hala |Bjand Am3
CA 6 whois o2l iysates. Anobooy tasted: COLIAL
[5-T7}A: scSTEDR

St 3mth-REsE g HAF: S0 Westam biot sralya
©f 15 ASF mpruasion In CHT0TI/Z ), KIITS (B),
STELT E1 ME-S ] AMLE-CE [Eard 1115 waok
ol iyt Antisody tosian: g3 4RF [MLS1| So2TTEL

[SELECT PRODUCT CITATIONS |

1. Mahimann, LM., et al. 1383, SH2 domain-mediztad activation of phos-
phalipasa Cy is not requined to initiate Ca® release at fartilization of
mouse eggs. Dev, Biol. 203: 221-232.

2 Tikoo, K., at al. 2011. Tannic acid amaliorates daxonbicin-induced car-
diotoxizity and patentiatas its anti-cancar activity: patential role of tznnins
in cancar chemaotherapy. Toxicol. Appl. Phamacal. 251; 191-200.

3. Surse, VML, et al. 2011. Esculatin induced changes in Mmp13 and BmpG
gene expression and histana Ha modifications attenuate davelopmant of
glomarubasclerasis in diabetic rats. J. Mol. Endocrinal. 45: 245-254,

4. Chien, C.C., at al. 2012, Naloxonazing, 2 specific w-opioid receptor antag-
anist, attanuates tha increment of hocomatar activity induced by acute
methamphatamine in mice. Tomcol. Lett. 217 61-65.

5 Laswaur, C., at al. 2012. Glutaming induces nuckaar degradation of the
NFxB p65 subunit in Caco-2/TC7 cells. Biochimie 94: 806-815.

6. Sundin, T., et 2l. 201Z. The isoprencid perillyl alcohel inhibits telomarase
activity in prostate cancar cells. Biochimia 94: 26352543,

7. Gangosa, E., et al. 2012. Reduced connexing3 expression comelates with
c-3rc activation, prolifaration, and glucose uptake in reactive astrocytes
aftar an eacitotoxic insult. Gliz 60: 2040-2049.

B.Wang, K.C., at al. 2013, w-opioid receptor knockowt mice ana morg sansi-
tiva to chlondiazepoxide-induced arxiohytic bahavior. Brain Res. Bull 90
137-141.

9 Sundin, T.. et al. 2013. Disruption of an ATERT-mTOR-RAPTOR protein
complax by a phytochemical perillyl alcohol and rapamycin. Mol. Cell.
Biochem. 375: 57-104.

[RESEARCH USE
For reseanch use only, not for use in diagnostic procedunes.

Sonta Cruz Bigtechnology, Inc. 1800850 2201 9314573800

Fam B 467 3801

Eurppe  D0EO0 25738000 496771 45000 www.sobioonr

Figure A.12: Datasheet of goat anti-rabbit secondary antibody (hhttp://www.scbt.com/)
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SANTA CRUZ BIOTECHNOLOGY, INC.

donkey anti-goat IgG-HRP: sc-2020

NATECANBLEEY

Tiw Power o o caioe
BACKGROUND | |RESEARCH USE
Santa Cruz Biotechnology's secondary antibodies ara available conjugatad Far reseanch use oaly, not for use in diagnostic procedures.
ta either an anzyme, biotin or fluprophana for wsa in a variety of antibody-based
applications including Westarn Blot, immunostaining, flow cytomatry and | DATA
ELISA. We offar corvantional horseradish peroxidasa (HRP) and alkaling
phosphatase |AP) conjugatad secondary antibodies for datection of mousa, A B C AECDE
qgoat, rabbit, bovine, chicken, guinea pig, horse, sheap, swine, Syrian hamster, _ ..- o K-
Amenian hamstar and turkey immunoglobulin in Western Blat and ELISA. e ok~
Pre-adsorbed HAP and AP secondary antibodies are also availabla and ara M_..." e
racommendad for use with immunog|obulin-rich samples. .
K-
[source | e

donkey anti-goat IgG-HAP is an affinity purified secondary antibody raised in
donkey against whale goat laG and conjugatad to HAP (horseradish paroxidase).

|PRODUCT |
Each vial contains 200 pg kg6 in 0.5 mi of 1X PES containing 40% glycarol.

[APPLICATIONS |

donkay anti-goat lgG-HRP iz recommendad for detection of goat Igi by
Wezstarn Blotting |starting dilution: 125000, dilution range 1:5000-1:10000;
optimal dilution to be datermined by titration).

| RECOMMENDED SUPPORT PRODUCTS

« Wastem Blotting Luminol Raagent, for 2,000 cm? mambrane area; sc- 2043
RIPA Lyzis Buffer, 50 ml, cell lysis buffer with protease inhibitors: sc-74348
Electrophorasis Sampla Buffer, 2X, 25 mi, reducing buffar. sc-24545
Complata™ Protease Inhibitor Cocktail Tablat, 20 tablats: sc-73130
Funning Buffer, 10X, 1 L, TRIS-Glycina WE running buffer, pH &.3: sc-24949
Towhin, with 505, 10¥, 1 L WE transfer bufier pH 8.3: 5c-24954

Bavina Sarum Albumin {BSA1, 100 g, blocking/incubation agent: sc-2323
TBS Blotto A, lyophilized powdar in singla-use battle: sc-2333

UltraCrue™ PYDF Transfer Mamibrane, 0045 pm, 20 em x 3 m roll: 563722

UktraCouz™ Nitrocallulose Pura Transfer Mambrane, 0.22 pm,
30cm x 3 m roll: 5c-3718

UktraCrue™ Tissue Cultura Dish, 100 mm polystyrene dish: sc-2007685
UktraCnuz™ Call Scrapars, 25 cm, starile, 100 par casa; sc-213229
UltraCrue™ Electrophoresis Call: sc-701625: runs up to 10 or 15 samiple by
EDS — PAGE protain electrophonesis

UltraCre™ Autoradiography Film, Blua, 8 x 1, 100 sheats: sc-201657
UltraCre™ Gel Incubation Trays, 100 per pack: 5c-201755 [blue), 0-201756
(green), sc-201757 |pinkl, sc-201758 (yellow), sc-201753 (orange)

| STORAGE

Store at 47 C, **D0 NOT FREEZE™®. Stable for ona year from the date of
shipment.

doaioy aati-goat g=-HAF: = 2070 Wiasiom biof sraly-  donkey and-goat IgE-HAF =2- 2020, Wasism bist araly-
sis of AT emprassion in Hela (A], A-430 (B) and 562 sis of TraJP anprossion in Hola (A, IMA-32 81
06} whoie call yssizs. AnSbody fasiad: ATH [N-15) SE-K-MC B €567 @ and HL-50 [E) neciear adraris
1887 Aiiocy astad Tra 28 [E-16) st ITIE

[ SELECT PRODUCT CITATIONS

1. Wang, 5., et al. 1933, Alterations of the PPPZR1E gana in human kung
and colon cancer. Scianca 262 784-287.

2 Lappano, A, et al. 2012, MIBE acts s antagonist ligand of both estrogen
receptor e and GPER in breast cancer cells. Braast Cancer Bas. 14 M2

3. Lappeno, A., at al. 2012 Two nowel GPEA agonists induce gene exprassion
changes and growth affects in cancer cells. Car. Cancer Drug Targats
12 531-542.

4. Logi, H., et al. 2012. Mining the gastric cancer secretoma; identification of
GHN as a patantial diagnostic marker for early gastric cancer. J. Froteoma
Ras. 11; 17581772,

5. Billing, A.M., et al. 2012, Proteomic prafiling of rapid nan-genomic and
conzomitant genomic affacts of acuta rastraint stress on rat thymocytes.
J. Protacemics 75 Z064-2079.

B. Zhang, L., at al. 2012 Altaration of striatal dopaminargic nauntransmis-
sion in 2 mousa modal of DYT11 myoclonus-dystonia. PLoS OME 7:
833665,

7. Huck, B, et al. 2012 GIT1 phosphorylation on serine 46 by PKD3 regulatas
paxillin trafficking and cellular protrosive activity. J. Biol. Chem. 287
JE04-34613.

B Biasi, F, et al. 2012 Evidanca of cell damaga induced by major compa-
nents of 2 diet-compatible mixture of oxystemls in human colon cancer
(CaCo-2 call ine. Biochimia 95 632-640.

9 Kajg, 5., et al. 2012, Homar-12 immadizte early geng expression come-
lates with better cognitiva performanca in aging. Age. E-published.

10.Lakota, K., at al. 7012, Intemational cohort study of 72 anti-Ku-positive
patiants: association of p70/pa0 anti-Ku anfibodias with joint/bana fea-
turas and difierantiation of disease populations by using principal-compo-
nents analysis. Arthritis Aes. Thar, 14; B2

Sonta Cruz Bitechnology, Inc. 1800857 3201 8314573800  faxBI1ABFIE01  Europe  =D0EO0 45738000 49GEZ21 4000 www.sol oo

Figure A.13: Datasheet of donkey anti-goat secondary antibody
(hhttp://www.scbt.com/)
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SANTA CRUZ BIOTECHNOLOGY, INC.

goat anti-mouse 1gG-HRP: sc-2005

NATECANBLEEY

Tw Powenr 2 (i

BACKGROUND

Santa Cruz Biotechnology's secondary antibodies are available conjugated to
aithar an arzymea, biotin or fluarophora for use in a vanaty of antibody-basad
applications including Westarn Blot, immunostaining, flow cytomatry and

ELISA. Secondary antibodias are commanly affinity purified against immabi-
lizad whala IgG isotypes, inchuding I9G,, 1955, 1965, I0G; and IgG,. Santa

Cruz Biotechnobogy offers 2 wide salection of secondary antibodies, which are
used in conjunction with our Cruz Marker™ molecular waight standards. Wa
alzo provida specizlizad secondaries, such as pre-adsorbed sacondary anti-
bodias, which ara pre-adsorbed with human Igi and mouse 1gG for mmuno-
glabulin-rich tissues and calls, Hab'l, fragment sacandary antibodias that

raduca non-specific secondary antibody binding to Fc recaptors on the call
surface, and isotype-specific sacondary antibadies against igM, IgA and Igh.

| |SELECT PRODUCT CITATIONS

1. Yumanashi, Y. and Baltimore, D). 1597. Identification of the Abl- and rasGAP-
associated 62 kDa protein as a docking protein, Dok Cell 88: 205-211.

2 Dai, HY, atal. 2012. Tha roles of connective tisswe growth factar and
integrin-linkad kinase in high glucose-induced phenofypic alterations of
podocytes. J. Cedl. Bicchem. 113 233301,

3 Goh, WL, et al. 2012 mDiz1 and WAVEZ proteins interact directly with
IRSp&3 in filopodia and are involvad in filopodium formation. J. Biol.
Chem. 287; 4702-4714.

4. Pocchicciol, 5., at al. 2012, Proteomics changes in adhasion malecules: a
driving force for vascular smoath muscle call phanotypic switch. Mol.
Biosyst. & 1052-1059.

[SOURCE

| 5 Motwani, T, et al. 2012 Sir3 and spigenetic inheritanca of silent cho-

goat anti-mouse IgE-HAP is an affinity purifiad secondary antibody raksed in
goat against mouse Igh and conjugated to HAP (horseradish peroxidasel.

matin in Saccharomyces carovisiag. Mol Call. Biol. 32 27842793

6. Li, X.\W., at al. 2012. Inhibitory affect of calcitonin gane-relatad peptide
on hypaxia-induced rat pulmonary artery smooth muscla calls prolifera-

[PRODUCT

| tian: role of EAK1/Z and p27. Eur. J. Pharmacol. 679: 117-126.

Each vial contains 200 pg I9G in 0.5 mi of 1X PBS containing 40% glycenal.

| APPLICATIONS

goat anti-mouse IgG-HAP is recommendad for detaction of mouse IgG by
Westom Blodting {starting dilution: 12000, dilution range 1:2000-1:10000
optimal dilution to be datermined by titration).

| RECOMMENDED SUPPORT PRODUCTS

= Wastem Blotting Luminal Raagent, for 2,000 cm? mamibrane area; sc-2048
BIPA Lysis Bufier, 50 ml, cell bysis buffer with protease inhibitors: sc-24948
Electrophorasis Sampha Buffer, 2X, 25 mi, reducing buffar; sc-24845
Completa™ Protease Inhibitor Cocktail Tablat, 20 tablats; =-29130
Running Buffar, 10, 1L, TRES-Glycing WE running buffer, pH £.3: sc-24349
Towhin, with S0S, 10%, 1 L WE transfer bufier pH 8.3: sc-24954

Bavina Sarum Albumin {BSA), 100 g, blockingfincubation agent: sc-2373
THS Blotto A, lyophilized powxar in singla-use bottle 5c-2333

UktraCrnue™ PYDF Transfor Mambrane, 045 pm, 30 cm x 2 mroll 5c-3723
UktraCnur™ Nitrocallulose Pura Transier Mambrane, 0.22 ym,

30.cm x 3 m roll: sc-3718

UktraCruz™ Tissue Cultura Dish, 100 mm polystyrene dish: sc-200785
UktraCnuz™ Call Scrapars, 25 cm, starile, 100 par casa; sc-213229
UktraCrnue™ Elactrophoresis Call: sc-201625 - nung up to 10 or 15 sample by
SD5 — PAGE protain electrophoresis

UktraCrue™ Autoradiography Film, Blua, 8 x 1, 100 sheats: se-201597

UttraCruz™ Gel Incubstion Trays, 100 per pack: 5C-201755 (blue), 5c-201756
(grean], 5c-201757 (pink), sc-201758 (yellow), sc-201753 (orange)

| RESEARCH USE
For resaarch use only, not for usa in diagnostic proceduras.

7. Marley, K., et al. 2012. Phosphotyrosine enrichment idantifias focal
adhesion kinase and ather tyrosine kinases for tameting in caning haman-
| giosarcoma, Wet. Comp. Oncol. 100 214-222,

B. Peris, B., et al. 2012. Nauronal polarization is impaired in mica kacking
RhoE axpression. J. Neurochem. 121: 903-314.

8 Ali, I, atal. 212, Cadmium-inducad effects on cellular signaling path-
| ways in tha liver of transgenic estrogan reporier mice. Towcol. Sci. 127
6675

10. Niziolek-Kierecka, M., et al. 2012, yH2AX, pChk1, and Wip1 as patential
markars of parsistent ONA damage derived from dibenzafa, jpyrana and
PAH-containing axtracts from contaminated soils. Cham. RBas, Taxicol. 16:
B62-BT2.

11.Cacarini, V., et 2l 2012. Crosstalk betwean the ubiquitin-proteasome sys-
tem and autophagy in 2 human cellulzr madal of Alzhaimer’s diseasa.
Biochim. Biophys. Acta 1822 17411751

12.Bansallam, M., at al. 2012. Glucose-induced 0, consumptian activates
hypoxia inducible factors 1 and 2 in rat insulin-secrating pancreatic
p-cells, PLos OME 7: e23807.

13. Diaz, H., at al. 2012. Specific moles of Akt iso forms in apoptasis and axon
growth ragulation in neurons. PLoS ONE 7: e32715

14 Gangoso, E., et al. 2012. Reducad connexinda expression comelates with
c-Sre activation, prolifaration, and glucase uptake in reactive astnocytes
aftar an excitotoxic insult. Gliz 2012 2040-2049.

15.Hsu, Y., at al. 2012. Triptofide increases SMN transcript and protain bav-
als in human SMA fibroblasts and improvas survival in SMA-like mice. Br.
J. Pharmacol. 166 1114-1126.

| [sTORAGE

Stare at 4° C, **D0 NOT FREEZE™*. Stable for one year from the date of
shipment.

Sonta Cruz Bigtechnology, Inc. 1800850 2201 9314573800

Fam B 467 3801

Eurppe  D0EO0 25738000 496771 45000 www.sobioonr

Figure A.14: Datasheet of goat anti-mouse secondary antibody
(hhttp://www.scht.com/)

57



SIGMA-ALDRICH"

Product Information

Anti-Mouse IgG (whole molecule)-Peroxidase
produced in rabbit, IgG fraction of antiserum

Catalog Mumber A9044

Product Description

Anti-Mouse 1gG (whole molecule) is produced in rabbit
using purified mouse |gG as the immunogen. Whole
antiserum is fractionated and then further purified by ion
exchange chromatography to provide the 1gG fraction of
antiserum. This fraction is essentially free of other
rabbit serum proteins. Rabbit anti-mouse IgG is then
conjugated to peroxidase by protein cross-linking with
0.2% glutaraldehyde

Specificity of Anti-Mouse IgG (whole molecule)-
Peroxidase is determined by immunoslectrophoresis
(IEP) versus normal mouse serum and mouse 1gG.

Identity and purity of the antibody is established by
immuncelectrophoresis prior to conjugation.
Electrophoresis of the product followed by diffusion
versus the anti-rabbit IgG and the anti-rabbit whole
serum results in single arcs of precipitation in the
gamma region.

Reagent

Provided as a solution in 0.01 M phosphate buffered
saline, pH 7.4, containing 0.01% thimercsal as a
preservative.

Antibody concentration 10-20 mgiml
Molar Ratio (lgG-Peroxidase): 0.6 to 1.5.

Precautions and Disclaimer

This product is for R&D use only, not for drug,
household, or other uses. Please consult the Material
Safety Data Sheet for information regarding hazards
and safe handling practices.

stgma-aldrich.com

T5] Sproce Steeet, St Locs, MO 63103 USA
5 Fax {8000 325-5052 (314) I71-5757

wirail: teckaerdcadisial com sgima-Adrich, com

Tek {8000 521-8856 14) 77

Storage/Stability

Store at —20 °C for long term. For continuous use, the
product may be stored at 2-8 *C for up to one month.
For extended storage, the solution may be frazen in
working aliquots —20 *C. Repeated freezing and
thawing, or storage in “frost-free” freezers, is not
recommended. If slight turbidity occurs upen prolonged
storage, clarify the solution by cenfrifugation before
use.

Product Profile
Direct ELISA: a titer of 1:40,000 is determined using

5 pg/ml of mouse IgG for coating and OPD substrate.

Titer is defined as the dilution of conjugate sufficient to
give a change in absorbance of 1.0 at 450 nm after
30 minutes of substrate conversion at 25 °C.'

Immuneblotting: a working antibody dilution of

1:50.000 - 1:160,000 is determined using immunoblot
assay detecting B-Actin in total cell extract of Hela cells
(5-10 pg per well)

Immunohistochemistry: a minimum working antibody
dilution of 1:200 is determined by an indirect assay
using formalin-fixed, paraffin-embedded human tonsil or
human appendix

Note: Working dilutions should be determined by
fitration assay. Due to differences in assay systems,
these titers may not reflect the user's actual working
dilution.

Reference
1. Woller, A, et al_, Bull. World Health Organ_, 53, 55
(1976).

DS.KAA, PHC 04/12-1

22012 Sigma-Aldrich Co. LLC. All rights reserved. SIGMA-ALDRICH is a trademark of Sigma-Aldrich Co. LLC, registered in the US and ather
countries. Sigma brand products are sold frough Sigma-Aldnch. Inc. Purchaser must determine the suitability of the pmdmt{s}fu'mmr
particular use. Additional terms and conditions may apply. Please see product information on the Sigm
wearw. sigmaaldrich.com andior on the reverse side of the invoice or packing slip.

Figure A.15: Datasheet of anti-mouse secondary antibody (http://www.
sigmaaldrich.com/)
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Polyplus

transfection*
THE DELIVERY EXPERTS

jetPRIME® short protocol - DNA Transfection

DAY 0: Cell seeding = 60% to 80% confluency at the time of transfection

P Seed cells in V ml of serum containing medium according to the table below

v
)
Q

Quantities per well, dish or flask

V volume of serum containing

Culture vessel Number of cells medium during transfection
24-well 50 000 — 80 000 0.5 ml
6-well / 35 mm 150 000 — 250 000 2ml
100 mm / flask 75 cm® 1 000 000 — 2 000 000 10 ml

DAY 1: Transfection = 1:2 DNA to jetPRIME® reagent ratio

P Perform transfection in the presence of serum
> Use jetPRIME® buffer only /

Dilute X pg of DNA
in W pl of jetPRIME® buffer ‘
Vortex 10 s and spin down g

# Add ¥ pl of
jetPRIME® reagent

Watch the video « DNA transfection iy
using jetPRIME® » on YouTube!

Vortex 10 5, spin down and
Add transfection mix # incubate 10 min at RT
to the cells in serum
containing medium If required, replace medium

4 h after transfection

d d
http://wwaw youtube comfwatch v=G39wNXaZF¥4

L
'

DAY 2-3: Measure gene expression i~ - Incubate24to48h

Quantities per well, dish or flask

Culture vessel W volume of X amount of DNA ¥ volume of
jetPRIME® buffer added jetPRIME® reagent
24-well 50 pl 0.5 pg 1 pl
6-well / 35 mm 200 pl 2 pg 4l
100 mm / flask 75 em’ 500 pl 10 pg 20 pl

See back page for optimization tips
Download complete protocol on www.polyplus-transfection.com/transfection-reagents
Version E

Figure B.1: jetPRIME Transfection Kit Protocol
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Polyplus

ransfection afag
THE DELIVERY EXPERTS

Protocol Optimization

4 Check our online Cell Transfection Database
for cell specific protocols at
http://www.polyplus-transfection.com/technical-
resources/cell-line-database/

¥ Test different DNA amounts: X, 0.5X and 1.5%

¥ Test different DNA/jetPRIME® ratios, 1:2 to 1:3

Culture Vessel W volume of jetPRIlt.\‘IEl= X amount of Y volume of jetPRIME
Buffer DNA reagent
24-well 50 pl 0.25-0.75 pg 0.5-2.25 pl
6-well / 35 mm 200 pl 1-3pg 2-9pul
100 mm / flask 75 cm? 500 pl 5-15pg 10— 45 pl

For HEK-293 and Hela cells, you may decrease the DNA amount to 0.5X and use the 1:2 DNA/
jetPRIME® ratio.

Tips to increase cell viability of sensitive cells
4 Replace medium after 4 h
# Decrease DNA amount to 0.5X%

¥ Analyze transfection at an earlier time point (24 h after transfection instead of 48 h for
instance)

4 Check that the target gene does not affect cell viability

Good DNA Transfection Practices
% Store appropriately jetPRIME® (4°C) and the DNA

4 Ensure that cells have been passaged more than twice and less than 20 times prior to
transfection. Discard overconfluent cells

4 Regularly check for mycoplasma contaminations
¥ Usea reporter gene to set up and optimize transfection conditions

4 Serum quality may drastically affect transfection efficiency. When purchasing a new batch of
serum or trypsin, check cell viability as well as transfection efficiency

Mote: jetPRIME® is also recommended for virus production and DNA/siRNA cotransfection, please
refer to the complete protocol available online at:

www. polyplus-transfection.com/transfection-reagents

Version E

Figure B.2: jetPRIME Transfection Kit Protocol




SIGMA-ALDRICH

Product Information

TRI Reagent™
For processing tissues, cells cultured in monolayer or
cell peliets

Catalog Mumber T9424
Store at room temperature.

sigma-aidrich.com

305 Sproce Street, 5t Lows, MO EI103 LSA
Tek 8000 521-8956 [314) 771-5765  Fax (H000 325 1314) TN5T57
email: techservicefisial.com  sigma-aldnich, com

TECHNICAL BULLETIN

Product Description
TRI Reagent is a quick and convenient reagent for use

in the simultanecus isolation of RMNA, DNA, and protein.

Successiul isolations from human, animal, plant, yeast,
bacterial, and viral samples can be obtained. A
convenient single-step liguid phase separation results
in the simultanecus isolation of RNA, DMNA, and
protein.’ This procedure is an improvement of the
single-step method reported by Chomezynski and
Sacchi’ for total RMA isalation. TRI Reagent performs
well with large or small amounts of tissue or cells and
many samples can be simultaneously extracted.

This product, a mixture of guaniding thiocyanate and
phenol in a monophase sclution, effectively dissolves
DMA, RMA, and protein on homogenization or lysis of
tissue sample. After adding chloroform or 1-bromao-
3-chloropropane and centrifuging, the mixture
separates into 3 phases: an agueous phase containing
the RMA, the interphase containing DMA, and an
organic phase containing proteins. Each component
can then be isolated after separating the phases. One
mil of TRI Reagent is sufficient to izolate RMNA, DNA,
and protein from 50-100 mg of tissue, 5-10 = 10° cells,
or 10 em” of culture dish surface for cells grown in
monolayer.

This iz one of the most effective methods for izolating
total RMA and can be completed in only 1 hour starting
with fresh tissue or cells. The procedure is very
effective for izolating RNA molecules of all types from
0.1-15 kb in length. The resulting RNA is intact with
little or no contaminating DMA and protein. This RNA
can be used for Northern blots, mRNA isolation, in witro
translation, RMNase protection assay, cloning and
polymerase chain reaction (PCR).

The DNA is in the interphase and phenol phase, which
forms after the addition of chloroform or 1-bromo-
3-chloropropane to the TRI Reagent in Sample
Preparation, step 2. After precipitation and multiple
washes, the DNA iz dissolved in 8 mM NaOH. The
solution is neutralized and the DMNA is ready for
analysis. The resulting DNA is suitable for PCR,
restriction enzyme digestion, and Southem blotting.

After precipitating the DNA with ethanol (DNA Isolation,
step 1), the proteins can be removed from the phenol-
ethanol supematant. The isclated material can be
probed for specific proteins by Westemn L:Iotting.‘

Reagents Required but Not Provided

EMA Isolation:

*  Chloroform, Catalog Number C2432, or
1-Bromo-3-chloropropane, Catalog Mumber B9673

+  2.Propancl, Catalog Mumber 195168

*  75% Ethanol

+ 1 mM sodium phosphate, Catalog Number 53264,
pH 8.2, 0.5% SDS solution, Catalog Mumber
L4522 diluted 20-fold, formamide, or
diethylpyrocarbonate-treated water

DMA Isclation:

+ 8 mM NaCOH

0.1 M triscdium citrate, 10% ethanol soluticn
Absolute ethanol

75% ethanol

EDTA

Protein Isolation:

+  2-Propancl, Catalog Number 19516

Absolute ethanol, Catalog Number ET023

95% Ethanol, Catalog Mumber E7148

1% SDS, Catalog Number L4522, diluted 10-fold
0.3 M Guaniding hydrochloride, Catalog Mumber
G3272, in 95% ethanol

Figure C.1: Tri-Reagent Protocol (http://www. sigmaaldrich.com/)
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Precautions and Disclaimer

This product is for R&D use only, not for drug,
household, or other uses. Please consult the Material
Safety Data Sheet for information regarding hazards
and safe handling practices._

Storage/Stability
Store the product at room temperature.

Procedures
Sample Preparation

1A. Tissue:

Homogenize tissue samples in TRI Reagent (1 ml

per 50-100 mg of tissue) in a Polytron® or other

appropriate homogenizer.

Mote: If minimal shearing of the DNA is desired,

use a loosely fitting homogenizer, not a Polytron

(see DMA Isolation, step 3, note b). The volume of

the tizsue should not exceed 10% of the volume of

the TRI Reagent.
1B. Monolayer cells:

Lyse cells directly on the culture dish. Use 1 ml of

the TRI Reagent per 10 em” of glass culture plate

surface area. After addition of the reagent, the cell

Iysate should be passed several times through a

pipette to form a homogenous lysate.

Note: TRI Reagent is not compatible with plastic

culture plates.

1C. Suspension cells:

Isolate cells by centrifugation and then lyse in

TRI Reagent by repeated pipetting. One ml of the

reagent is sufficient to lyse 5-10 = 10° animal,

plant, or yeast cells, or 107 bacterial cells.

Hotes:

a. If samples have a high content of fat, protein,
polysaccharides, or extracellular material such
as muscle, fat tissue, and tuberous parts of
plants an additional step may be needed. After
homogenization, cenfrifuge the homogenate at
12,000 = g for 10 minutes at 2-8 *C to remove
the inscluble material (extracellular
membranes, polysaccharides, and high
molecular mass DNA). The supernatant
containg RNA and protein. If the sample had a
high fat content, there will be a layer of fatty
material on the surface of the agueous phase
that should be removed. Transfer the clear
supematant to a fresh tube and procead with
step 2. Recover the high molecular mass DNA
from the pellet by following DMA Isolation,
steps 2 and 3.

b. Some yeast and bactenal cells may require a
homogenizer.

c. After the cells have been homogenized or lysed
in TRI Reagent, samples can be stored at
—70*C for up to 1 month.

2. Phase Separation: To ensure complete dissociation

1.

of nucleoprotein complexes, allow samples to stand

for 5 minutes at room temperature. Add 0.1 ml of

1-bromo-3-chloropropans or 0.2 mi of chloroform

(see Phase Separation, notes a and b) per ml of

TRI Reagent used. Cover the sample tightly, shake

vigorously for 15 seconds, and allow to stand for

215 minutes at room temperature. Centrifuge the

resulting mixture at 12,000 = g for 15 minutes at

2-5 °C. Cenfrifugation separates the mixture into

3 phases: a red organic phase {containing protein),

an interphase (containing OMA), and a coloriess

upper aqueous phase (containing RMA).

Notes:

a. 1-Bromo-3-chloropropane is less toxic than
chloroform and its use for phase separation
decreases the possibility of contaminating RNA
with DMA*

b. The chloroform used for phase separation
should not contain iscamyl alcohol or other
additives.

c. [Forisclation of poly A” fraction from the
aqueous phase see Appendix |

BMA Isclation

Transfer the agueous phase to a fresh tube and
add 0.5 ml of 2-propanc| per ml of TRI Reagent
used in Sample Preparation, step 1 and mix. Allow
the sample to stand for 5—10 minutes at room
temperature. Centrifuge at 12,000 = g for

10 minutes at 2-8 °C. The RNA precipitate will form
a pellet on the side and bottom of the tube.

Note: Store the interphase and organic phase at
2-8 °C for subsequent isolation of the DMNA and
proteins.

Remaove the supematant and wash the RNA pellet

by adding a minimun of 1 ml of 75% ethanol per

1 ml of TRI Reagent used in Sample Preparation,

step 1. Yortex the sample and then centrifuge at

7,500 = g for 5 minutes at 2-8 *C.

Notes:

a. Ifthe RMA pellets fioat, perform the wash in
75% ethanol at 12,000 = g.

b. Samples can be stored in ethanol at 2-8 °C for
at least 1 week and up to 1 year at —20 °C.

Figure C.2: Tri-Reagent Protocol (http://www. sigmaaldrich.com/)
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1.

Briefly dry the RNA pellet for 510 minutes by air-

drying or under a vacuum. Do not let the RNA pelist

dry completely, as this will greatly decrease its

solubility. Do not dry the RNA pellet by

centrifugation under vacuum (Speed-Vac®). Add an

appropriate velume of formamide, water, or a

0.5% SDS solution to the RNA pellet. To facilitate

dissolution, mix by repeated pipetting with a

micropipette at 5560 *C for 10-15 minutes.

Notes:

a. Final preparation of RNA is free of DMA and
proteins. It should have a Aggplhqg ratio of 21.7.

b. Typical yields from tissues (ug RNA/mMg tissue):
liver, spleen, 6-10 pg; kidney, 3-4 ug; skeletal
muscle, brain, 1-1.5 ug; placenta, 1-4 ug.

c. Typical yields from cultured cells
{ng RMAM0® cells): epithelial cells, 8-15 pg;
fibroblasts, 5-7 ug.

d. Ethidium bromide staining of RNA in agarose
gels visualizes two predominant bands of small
{2 kb) and large {5 kb) ribosomal RNA, low
maolecular mass (0.1-0.3 kb) RMA, and discrete
bands of high molecular mass (T—15 kb) RNA.

DMA Isolation

Carefully remove the remaining agueous phase
overlaying the interphase and discard. To
precipitate the DMA from the interphase and
organic phase, add 0.3 ml of 100% ethancl per 1 ml
of TRl Reagent used in Sample Preparation,
step 1. Mix by inversion and allow to stand for
2-3 minutes at room temperature. Centrifuge at
2,000 = g for S minutes at 2-8 *C.

Mote: Remaval of the remaining aqueous phase
before DMA precipitation is a critical step for the
quality of the isolated DNA_

Remove the supematant and save at 2-8 °C for

protein isolation. Wash the DNA pellet twice in

0.1 M trisodium citrate, 10% ethanol solution. Use

1 ml of wash solution for every 1 ml of TRI Reagent

used in Sample Preparation, step 1. During each

wash, allow the DNA pellet to stand (with
occcasional mixing) for at least 30 minutes.

Centrifuge at 2,000 = g for S minutes at 2-8 °C.

Resuspend the DNA pellet in 75% ethanol

(1.5-2 ml for each ml TRl Reagent) and allow to

stand for 10—20 minutes at room temperature.

Notes:

a. Important: Do not to reduce the time samples
remain in the washing solution. Thirty minutes
is the absolute minimum time for efficient
removal of phenol from the DNA.

b. If pellet containg >200 ug of DMA or large
amounts of non-DNA maternal, an additional
wash in 0.1 M insodium citrate, 10% ethanol
solution is required.

c. Samples suspended in 75% ethanocl can be
stored at 2-8 *C for several months.

3. Dry the DNA pellet for 5-10 minutes under a
vacuum and dissolve in 8 mM NaOH with repeated
slow pipetting with a micropipette. Add sufficient
& mM NaOH for a final DNA concentration of
0.2-0.3 pg/pL (typically 0.3-0.6 ml to the DNA
isolated from S0—70 mg of tissue or 107 cellz). This
mild alkaline solution assures complete dissolution
of the DNA pellet. Centrifuge at 12,000 = g for
10 minutes to remove any insoluble material and
transfer the supematant to a new tube.

Notes:

a. A viscous supematant indicates the presence
of high molecular mass DNA.

b. The size of the DMA will depend on the force
exerted during homegenization. Avoid using a
Polytron homogenizer.

c. Samples dissolved in 8 mM NaOH can be
stored at 2-8 °C overnight. For long term
storage, adjust the pH value to between 7 and
8 and supplement with EDTA (final
concentration 1 mh).

d. To determine DMA concentration, remove an
aliquot, dilute with water, and measure the Az,
For double stranded DMNA,

1 Azeg unitiml = 50 pgdfmil.

e. To calculate eell number, assume the amount
of DMA for 10° diploid cells of human, rat, and
mouse equals 7.1 pg, 6.5 pug, and 5.8 ug,
respectively.

f.  Typical yields from tizsues (ug DNA/mg tissus):
liver, kidney, 3—4 ug; skeletal muscle, brain,
and placenta, 2-3 pg.

g. Typical yields from cultured human, rat, and
mouse cells: 5—7 png DMAMDE cells.

To Amplify DNA by PCR

After dissolving in 8 mM NaOH, adjust to pH 8.4 using
HEPES (add 86 pL of 0.1 M HEPES, free acid/ml of
DMNA solution). Add sample (generally 0.1-1 pg) to PCR
mix and follow PCR protocol.

Figure C.3: Tri-Reagent Protocol (http://www. sigmaaldrich.com/)
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To Digest DNA with Restricion Enzymes

Adjust the pH of the DMA sclution to that needed for the
restriction enzyme digestion using HEPES, or dialyze
samples against 1 mM EDTA, pH 7-8. Allow the
resfriction enzyme digestion to continue for 3-24 hours
under optimal conditions. It is recommended that

3-5 units of enzyme be used per 1 ug of DNA.
Typically, 80-90% of the DNA is digested.

Protein Isolation

1. Precipitate proteins (see note) from the phenol-
ethanol supernatant (DNA Isolation, step 2) with
1.5 ml of 2-propanol per 1 ml of TRl Reagent usad
in Sample Preparation, step 1. Allow samples to
stand for at least 10 minutes at room temperature._
Centrifuge at 12,000 = gfor 10 minutes at 2-8 °C.
Hote: For some samples, the protein pellet may be
difficult to dissolve in 1% SDS (step 3). Use this
altermate procedure to correct the problem:

a. Dialyze the phencl-ethancl supematant against
3 changes of 0.1% SDS at 2-8 *C.

b. Cenfrifuge the dialysate at 10,000 = g for
10 minutes at 2-8 *C.

c. The clear supematant contains protein that is
suitable for use in Western blotting procedures.

2. Discard supematant and wash pellet 3 times in
0.3 M guanidine hydrochloride/85% ethanal
solution, using 2 ml per 1 ml of TRI Reagent used
in Sample Preparation, step 1. During each wash,
store samples in wash solution for 20 minutes at
room temperature. Centrifuge at 7,500 = g for
S minutes at 2-8 "C. After the 3 washes, add 2 ml of
100% ethanol and vortex the protein peliet. Allow
to stand for 20 minutes at room temperature.
Centrifuge at 7,500 = g for S minutes at 2-8 °C.
Note: Protein samples suspended in 0.3 M
guaniding hydrechlonde/25% ethanal solution or
100% ethanol can be stored for 1 month at 2-5 °C
or 1 year at -20 °C.

3. Dry protein peliet under a vacuum for
510 minutes. Dissolve pellet in 1% SDS aided by
working the plunger of micropipette with tip in the
solution. Remowve any insoluble material by
centrifugation at 10,000 x g fer 10 minutes at
2-8 °C. Transfer supematant to a new tube_ The
protein solution should be used immediately for
Western blotting or stored at —20 °C.

Troubleshooting Guide
1. RMNA lzolation:
A. Low yield may be due to:

B. If the Aggplfgg, ratic iz <1.65:

C. If thers is degradation of the RNA:

D. Ifthere is DNA contamination:

2. DNA lzolation:
A Low yield may be due to:

B. Ifthe A“DHAHO ratio is <1.70:

incomplete homogenization or ysis of
samples.

the final RNA peliet may not have been
completely dizssolved.

the amount of sample used for
hoemogenization may have been too small.
samples may not have been allowed to
stand at room temperature for 5 minutes
after homogenization.

there may have been contamination of the
agueous phase with the phenol phase.
the final RNA pellet may not have been
completely digsclved.

the tissues may not have bean immediately
processed or frozen after removing from
the animal.

the samples used for isolation or the
izolated RMA preparations may have been
stored at —20 *C instead of —70 °C as
specified in the procedure.

cells may have been dispersed by trypsin
digestion.

agqueous solutions or tubes used for
procedure may not have been RMAse-free.
formaldehyde used for the agarose gel
electrophoresis may have had a pH value
=3.5.

the volume of reagent used for the sample
homegenization may have been too small.
samples used for the isclation may have
contained organic solvents (ethanol,
DMS0), strong buffers or alkaline solution.

incomplete homogenization or lysis of
samples.

the final DMA peliet may not have been
completely dissolved.

phenol may not have been sufficiently
removed from the DMA preparation. Try
one more wash of the DNA pellet with the
0.1 M frisodium citrate, 10% ethanol
solution.

Figure C.4: Tri-Reagent Protocol (http://www. sigmaaldrich.com/)
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C. If there is degradation of the DNA:

+ the tissues may not have been immediately
processed or frozen after removing from
the animal.

+  the samples used for isolation may have
been stored at —20 °C instead of -70 °C as
specified in the procedure.

+  zamples may have been homogenized with
a Polytron or other high speed
homogenizer.

D. If there is RNA contamination:

s thers may have been too much agueous
phase remaining with the organic phase and
interphase.

¢ the DNA pellet may not have been washed
sufficiently with 0.1 M trisodium citrate, 10%
ethanol solution.

3. Protein Isolation:
A. Low yield may be due to:
¢+ incomplete homogenization or lysis of
samples.
¢ the final protein pellet may not have been
completely dissolved.
B. [f there is degradation of the protein:
¢ the tiszues may not have been immediately
processed or frozen after removing from the
animal.
C. If PAGE shows band deformation:
¢« protein pellet may not have been washed
sufficiently.

Appendix

I Isolation of Poly A" RMNA

After the RMA has been precipitated with 2-propanol
(RNA Isolation, step 1), dissclve the pellet in poly A”
binding buffer and pass through an oligo-dT cellulosse
(Catalog Number ©3131) column to selectively remove
mRNA according fo the procedure of Aviv and Leder?

Il. Izolated RNA is to be usad in RT-PCR

1. Meodifying the procedure by performing the
additional centrifugation step in the initial Sample
Preparation, step 1B, note ¢ further minimizes the
possibility of DNA contamination in the RNA
extracted by TRI Reagent LS.

2. A more complete evaporation of ethanol is required
when RNA samples are to be used in RT-PCR.
This iz especially critical for small volume samples
(5=20 pl), which may contain a relatively high level
of ethanol if not adequately dried.
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& nzytech

genes & enzymes

NZYGelpure

Catalogue number: MB01101, 50 columns
MBO01104, 2 x 50 columns
MB01102, 200 columns
MB01103, 5 x 200 columns

Description

NZYGelpure kit is designed for the purification of DNA from TAE/TBE agarose gels and
for the direct purification of PCR products. The kit can be used to purify DMNA fragments
from 50 bp to 20 kb. Average recoveries range from 60 to 90% depending on the
fragment size. NZYGelpure purification kit utilizes a silica-gel based membrane which
selectively adsorbs up to 20 pg of DNA fragments in the presence of specialized
binding buffers. Soluble agarose, nucleotides, oligos (<30-mer), primer dimers,
enzymes, mineral oil and other impurities do not bind to the membrane and are
washed away. DMA fragments are then eluted off the column and can be used for
downstream protocols without further processing. Binding Buffer contains a pH
indicator, allowing the evaluation of optimal pH for DMA binding. The pH indicator does
not interfere with DMA binding.

Storage conditions and reagents preparation

All kit components can be stored at room temperature (20-25 °C) and are stable for up
to one year. For longer storage, keep all contents at 4 °C. Add 48 mL (MB01101) or 2 x
100 mL (MB01102) of ethanol to each bottle of Wash Buffer.

System Components

Component 50 columns 200 columns
Binding Buffer 2= 30mL 2x120mL
Wash Buffer (concentrate) 12 mL 2=25mL
Elution Buffer (does not contain EDTA) 15 mL &0 mL
NZYTech Spin Columns 50 200
Collection Tubes (2 mL) 50 200

Figure D.1: NzyGelpure protocol (https://www.nzytech.com/)
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Protocol for plasmid DNA purification from Agarose Gels
All purification steps should be carmed out at room temperature.

All centrifugations should be carried out at room temperature in a table-top
microcentrifuge at >12000 xg (10000-15000 rpm depending on the rotor type).

1. Excise the DNA fragment from the gel with a clean, sharp scalpel. Weight the gel
slice and transfer to a 1.5 mL microcentrifuge tube.

2. Add 300 pL of Binding Buffer for each 100 mg of gel weight (example — a gel slice
weighing 125 mg would require 375 plL of Binding Buffer). For high concentration gels
(2.0-3.0%), 500 pL of Binding Buffer per 100 mg of agarose gel should be added. The
maximum amount of gel slice per NZYTech spin column is 400 mg. For gel slices =400
mg use more than one column.

3. Incubate at 55-60 °C for 5-10 minutes and shake occasionally until agarose is
completely dissalved.

4, Check that the colour of the mixture is yellow (similar to the colour of the Binding
Buffer). If the colour of the mixture is orange or violet, add 10 plL of 3 M sodium acetate
pH 5.0, and mix well.

5. (Optional) For DNA fragments <500 bp or >10 kb long add 1 gel volume of
isopropanol to the sample and mix well by pipetting several times (example — a gel slice
weighing 125 mg would require 125 pl of isopropancl).

6. Load the above mixture into the NZYTech spin column placed into a Collection tube
(2 mL). Centrifuge for 30s to 1 minute and discard the flow-through in the collection
tube. The maximum volume of the column reservoir is 700 pL. For sample volumes of
maore than 700 pl, simply load and spin again.

7. (Optional) Add 500 pL of Wash Buffer and centrifuge for 30s to 1 minute. Discard
the flow-through in the collection tube. This step is only important if DMA is intended
to be used for direct sequencing, in vitro transcription or microinjection.

8. Add 800 pL of Wash Buffer and centrifuge for 30s to 1 minute. Discard the flow-
through in the collection tube.

9. Centrifuge for 1 minute to dry NZYTech spin membrane of residual ethanol.

10. Place the NZYTech spin column into a clean 1.5 mL microcentrifuge tube. Add 50 pL
of Elution Buffer to the centre of the column and incubate at room temperature for 1
minute. Centrifuge for 1 minute to elute DMA. Ultrapure water (pH 7.5-8.5) may be used
in place of elution buffer. Howewver, DMNA recovery with acidic waters may be
significantly reduced.

11. Store the purified DMA at -20 °C.

Figure D.2: NzyGelpure protocol (https://www.nzytech.com/)
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MNotes (elution step):

1. It is extremely important to add the Elution Buffer to the centre of the column.
Incubating the column at higher temperatures (37 to 50 °C) may slightly increase the
yield. Pre-warming the Elution Buffer at 55 to 80 *C may also slightly increase elution
efficiency.

2. If a higher DNA concentration is desirable, 30 pL (or less) of Elution Buffer can be
used to elute the DMA. It is critical that the Elution Buffer is applied directly in the
centre of the column. (To recover maximum amount of DNA it s recommended to
repeat the elution step.)

3. If water is used for elution, make sure that its pH is between 7.5 and 8.5. Elution
efficiency is dependent on pH and the maximum elution efficiency is achieved within
this range. A pH <7.0 can decrease yield.

Protocol for PCR clean-up or DNA purification from enzymatic reactions

1. Transfer the volume of the reaction mixture into a 1.5 mL microcentrifuge tube and
add five volumes of Binding Buffer. Mix by inverting the tube a few times. Centrifuge
briefly to collect the sample. All purification steps including centrifugation should be
carried out at room temperature.

MNotes (sequencing of PCR products):

When cleaning up PCR products for subsequent sequencing processes, if using an
amplification primer for sequencing avoid primers larger than 22-25 bp. In this case it is
recommended to use a maximum of 0.25 pM of primers during the PCR amplification
and 2.5 uM of the sequencing primer in the sequencing reaction. In case residual peaks
appear in sequencing chromatograms, due to the presence of traces of the second
amplification primer, dilute Binding Buffer to a 60-50% solution in water and proceed as
above. Use NZ¥Tech sequencing senvices for maximum efficiencies.

2. Add the above mixture to the MZYTech spin column. The maximum loading volume
of the column is 700 pL. For sample volumes greater than 700 pL simply load again.
Centrifuge for 30s to 1 minute and discard the flow-through in the tube.

3. Add 600 pL of Wash Buffer and centrifuge for 30s to 1 minute. Discard the flow-
through in the collection tube.

4, Centrifuge for 1 minute to dry NZYTech spin membrane of residual ethanal.

Figure D.3: NzyGelpure protocol (https://www.nzytech.com/)
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5. Place the NZYTech spin column into a clean 1.5 mL microcentrifuge tube. Add 50 pL
of Elution Buffer to the centre of the column and incubate at room temperature for 1
minute. Centrifuge for 1 minute to elute DNA. Ultrapure water may be used in place of
elution buffer. However, DMA recovery with acidic waters may be significantly reduced.
(Please check elution notes in previous section).

6. Centrifuge for 1 minute to elute the DMA.

7. Store the purified DNA at -20 °C,

Quality control assay

All components of NZYGelpure kit are tested following the isolation protocol described
above for the purification of DMNA fragments from agarose gels and PCR reactions.

Revised 01/15
Certificate of Analysis
Test Result
Functional assay Pass

,-"‘l I ~

Ve g e
Approved by: :t? (b=
José Prates

Senior Manager, Quality Systems

e’nzytech

pomes B anzymas

Estrada do Paco do Lumiar,
Campus do Lumiar - Edificio E, R/C
1649-038 Lisboa, Portugal
Tel.:+351.213643514

Fax: +351.217151168
www.nzytech.com

Figure D.4: NzyGelpure protocol (https://www.nzytech.com/)
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Remes B ey

NZY First-Strand cDNA
Synthesis Kit

Catalogue number: MB12501, 50 reactions

MB12502, 250 reactions

Features

= Provides high yields of full-length cDNA products for
use in RT-gPCR and two-step RT-PCR azsays

#» Formulated to increase sensitivity in RT-gPCR

# Primer type: oligo{dT},; and random hexamers

» Starting material: 1 ng to 5 pg of total RMA

» Optimal reaction temperature: 50 °C

» Convenient and reliable

Description
The MZIY First-5wand cDNA Synthesis Kit is a system that

includes all the mecessary components to synthesize first-
strand cDMA, except ternplate RMA.

The resulting single-stranded cDMA is suitable for use in real-
time guantitative Reverse Transcription PCR (RT-gPCR). NZY
First-Strand cDMA Synthesis Kit is formulated to provide high
yields of fullllength cDMA products and to increase
sensitivity in RT-gPCR.

Starting miaterial can range from 1 ng up to 5 pg of wotal
RMA. The kit indudes a combination of random hexamers
and oligo(dT)yg primers in order to increase sensitivity. The
primers are included in the MZYRT 2= Master Mix, which also
contains dMNTPs, MgCl; and an optimized RT buffer. NZYRT
Enzyme Mix includes both the MZY Reverse Transcriptaze
{RMase H minus) and the NIY Ribonuclease Inhibitor in order
to protect RMA against degradation due to ribonuclease
contamination. RMase H (from £ cao is provided in a
separate tube to specifically degrade the RMA template in
cDMARNA hybrids after the first-strand cDMA synthesis. This
procedure will improve the sensitivity of subsequent RT-
qPCR reaction since PCR primers will bind more easily to the
cDMNA.

Shipping conditions
MZY First-5trand cDMA Synthesis Eit is shipped on dry ice.

Storage conditions

Store all kit components at -20 *C in a freezer without defrost
cycles. Stability can be extended by storing it at -80 *C. The
kit is stable for up to 3 years.

System Components

MEB12501 MB12502
Component i .
{50 reactions) {250 reactions)
NZYRT Enzyme
Mix & 100 pL 5 100 pl
HETRT 2+ 500 pL 5 = 500 pL
H " B
hdaster Mix 2l
NZY¥ RMase H
50 pL RS- T
(£ col
DEPC-treated
ImlL 2x1ml
H:0

{1} Includes NZY Reverse Transcriptase and MZY Ribonuclease
Inhibitor
(2} Includes olige{dTha, random hexamers, Mgdl; and dNTPs

Protocol for first-strand cDMNA synthesis

1. On ice, add the following reaction components into a
sterile, nuclease-free microcentrifuge tube {for multiple
reactions, 3 master mix without RMA may be prepared):

MIVRT 2= Master Mix 10 pL
NIYRT Enzyme Mix 2l
RMA (up to 5 pg) = pl
DEPC-treated HO up to 20 pL

2. Mix gently and incubate at 25 °C for 10 min.

3. Incubate at 50 *C for 30 min.

4. Inactivate the reaction by heating at 85 °C for 5 min, and
then chill on ice.

L. Add 1 plL of MZ¥ RMase H (£ cofj and incubate at 37 °C for
20 min.

6. Use the cDMA product directly in PCR or gPCR diluted in
TE buffer or undiluted; or store at -20 *C until required.

Important notes

» High guality intact RMA, free of residual gemomic DMA
and RMases is essential for full-length, high quality cDMA
synthesis and accurate RMA gquantification. For this
reasom, special precautions should be taken when
working with RMA:

o Aseptic conditions should be maintained: always
wear gloves; change gloves whenever you suspect

Figure E.1: Nzy First-Strand cDNA Synthesis Kit protocol (https://www.nzytech.com/)
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that they are contaminated: use RMase-free tubes
and pipet tips; designate a special area and
equipment for RMA work only.

o DMase I (not provided) may be used to eliminate
genomic DMA contamination from the starting total
RMA.

o The template RMA should be stored at -70 “C. Avoid
multiple freeze/thaw cycles of RMA.

» This kit does not include coniral RMA.

# Keep all reagents of the kit on ice while setting up the
reactions.

» When performing RT-qPCR uwsing the synthesized cDMA
as template, no more than 1710 of the final PCR valume
should be derived from the reverse-transcription product.
For instance, use up to 5 pl of cDMA cbtained in the first-
strand synthesis in a 50 plL PCR reaction.

Quality control assays

Purity

MZIY Reverse Transcriptase and MZY Ribonuclease Inhibitor
present in the Enzyme Mix are *>90% pure as judged by D5
paolyacrylamide gel electrophoresis followed by Coomassie
blue staining.

MNuclease assays

All components of the kit are tested for DMase and RMase
activities, using 0.2-0.3 pg of pNZY¥28 plasmid DMA and 1 pg
of RMA, respectively. Following imcubation at 37 °C, the
nucheic acids are visualized on a GreenSafe-stained agarose
ged. There must be no visible nicking or cutting of the nudeic
acids.

Functional assay

MEY Frst-5trand cDMA Synthesis Kit is tested functionally in
a RT-PCR experiment designed to calculate the number of
mRMNA copies of the GAPDH gene in mouse liver cells
Precizely, 05 pg of total RMA extracted from mouse liver is
used as starting template material.

Troubleshooting

* RMA damage or degradation

Analyse RMA on a denaturing gel to verify integrity. Use
aseptic conditions while working with RMA to prevent
RMase contamination. Replace RMA if necessany.

» Presence of RT inhibitors

Some inhibitors of RT enzymes include: 505, EDTA
glycerol, sodium phosphate, spermidine, formamide and
guanidine salts. Remove inhibitors by ethanol
precipitation of the RMA preparation before use; wash
the pellet with 70% [v/v) ethanaol.

= Mot enough starting RNA

Increase the concentration of starting RMA.

& Genormic DNA contamination

DMase 1 may be used to eliminate genomic DMNA
contamination from the starting RMA

Revised 01/14

Certificate of Analysis

Test Result
Enzyme purity Pass
Mucleases assay Pass
Functional assay Pass

l,-"-,_ |" _r'._JII__
L e o/\o=

Jose Prates

Approved by:

Senior Manager, Quality Systems

O

nzytECh Estrada do Pago do Lumiar, Campus do Lumiar, Edificio E, R/C, 16459-038 Lishoa

genes Bermyme: TEl: +351.213643514 Fa: +351,217151168 WWwW_nzytech.com

Figure E.2: Nzy First-Strand cDNA Synthesis Kit protocol (https://www.nzytech.com/)
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SIGMA-ALDRICH

W1LICT |||||.
LuminoCt® SYBR® Green qPCR ReadyMix™

Catalog Number LES44
Storage Temperature =20 °C

TECHNICAL BULLETIN

Product Description

LuminoCt SYBR Green gPCR ReadyMix combines the
performance enhancements of cur JumpStarD Tag
antibody for hot start’ PCR with the convenience of an
easy-to-use reaction mixture. This is the ideal solution
for performing high-throughput, quantitative PCR
methods that using a SYBR detection method.

This ready-to-use mixture of JumpStart Taq DNA
polymerase, SYBR Green |, 99% pure
deoxynuclectides and reaction buffer is provided in a
2X concentrate for ease-of-use. Simply add an equal
volume of the 2X mix to the DNA template, primers,
and water. At room temperature the JumpStart Taq
antibody inactivates the Tag DNA polymerase. When
the temperatura is raised above 70 °C in the first
denaturation step of the cycling process, the complex
dissocciates and the polymerase becomes fully active.
This process is rapid (seconds) and therefore fast
enough so there is no requirement for long activation,
special preparation or cycling changes.

«  Designed specifically for rapid, two-step qPCR
protocols that deliver results in as litle as 25
minutes (see procedure).

«  LuminoCt ReadyMixes require the use of small
amplicons (<200 bp) for optimal results. The
ReadyMixes are compatible with commercial
primer sets, including TagMan®” Assays.

«  The hot start mechanism using the JumpStart Tag
antibody, which prevents non-specific product
formation, allows assembled PCR reactions to be
placed at room temperature for up to 4 hours
without compromising the performance.

*  When performing large numbers of PCR reactions,
LumineCt SYBR Green gPCR ReadyMix can save
a significant amount of preparation time, reduce
the nisk of contamination from multiple pipetting
steps, and provide consistent batch-to-batch and
reaction-to-reaction performance.

Reagents

+  LuminoCt SYBR Green qgPCR ReadyMix, Catalog
Mumber L5669, contains optimized concentrations
of Tris-HCI, pH 8.3, KCI, dNTPs (dATP, dCTP,
dGTP, TTP), stabilizers, MgCly SYBR Green | and
Jumpstart Tag DNA Polymerase. Provided as 100,
500 and 2000 reactions (25 pL mix in a
50 pL reaction volume).

= 100X ROX internal reference dye, Catalog
Mumber R4525. Optional, for use with instruments
compatible with an internal reference dye (2.g. ABI
and Stratagene).

Reagents and Equipment Required But Not Provided
«  Water, PCR Reagent, Catalog Number W1754

+  Primers

DMNA template

Dedicated pipettes

PCR pipette tips

Plates and optical caps for specific thermal cycler
Quantitative (or real time) thermal cycler, with
standard or Peltier block

R

Precautions and Disclaimer

LuminaCt SYBR Green gPCR ReadyMix is for R&D
use only, not for drug, household, or other uses.
Please censult the Material Safety Data Sheet for
information regarding hazards and safe handling
practices.

Storage/Stability

SYBR Green | is photolabile, but when protected from
light LuminoCt SYBR Green gPCR ReadyMix can be
stored at -20 °C for up to a year and a half. It can also
be stored at 2-8 *C for up to 6 months, so there is no
waiting for the reaction components to thaw.

Figure F.1: LuminoCt SYBR Green gPCR ready mix Protocol (http://www.

sigmaaldrich.com/)
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Procedure

LuminoCt SYBR Green gPCR ReadyMix has been
formulated to give robust amplification under a variety
of conditions. For reactions that will be run many times
it is worthwhile to optimize primer concentrations to
increase target specificity and sensitivity. In addition,
on rare occasions, we have found that the optimal
concentrations of template DNA, MgCl;, KCI, and PCR
adjuncts can be target specific. Additional components
(MgCly, dNTP, or betaine) may be added to the
template/primer mixture, although this is not required
for the vast majority of applications. The following
procedure serves as a reference.

Note. DMSO (up to 5% wiv) is compatible with this
system. However, other co-solvents, solutes (salts)
and extremes in pH or other reaction conditions may
reduce the affinity of the JumpStart Taq antibody for
the Taq polymerase and thereby compromise its
effectivenass.

The use of primer design software is highly
recommended as well-constructed, high-specificity
primers are necessary to obtain good qPCR data. In
addition, it is essential that the primers used for gPCR
define an amplicon of 90-200 bp in length.
Commercially available primer and probe sets,
including Taghan Assays, are compatible with
LuminoCt ReadyMix.

1. Add the following reagents to a 0.2 mlor 0.5 ml
thin-walled microcentrifuge tube or plate well.

*

These are acceptable ranges for a reaction, with the
proposed additions representing 0.2 uM for each primer.
Reference dye is unnecessary when using many gFCR
instruments, and can be excluded. Quantitative PCR
instruments requinng reference dye are listed below,
including recommended default concentrations. It may be
necessary to increase the concentration of reference dye
to obtain optimal results. Review appropriate
troubleshooting guidelines prior to first experiments.

qPCR instrument

Reference Dye

ABI 7500 0.1X

Stratagene MX4000, 0.1X
MX3005, MX3000

ABI 7900HT, 7700, 7300, | 1.0X
7000 and StepOne

Note: A template-primer master mix for each dilution
of template is recommended when performing multiple
PCR reactions.

2. Mix gently by vortexing and briefly centrifuge to

collect all components at the bottom of the tube

Note: Optimal cycling parameters vary with PCR
composition and thermal cycler. It may be necessary
to optimize the cycling parameters to achieve maximal
PCR efficiency and sensitivity.

Recommended cycling parameters for <200 bp
amplicons *

Initial denaturation ™ 95 20 sec
Volume (pL) Reagent Final 40 cycles:
_ Conce_ntration Denaturation 95+°C 3 sec
2% LuminoCt | 1X LuminoCt Annealing/ Extension® 60 °C 15-30 sec
25 | 125 10 SYBR Green SYBR Green Hold 1°C
: gPCR gPCR
ReadyMix ReadyhMix s
26 uM Forward . The ReadyMix is also compatible with the fast cycling
04 02| 018 | jimer 0.1-0.8 pm protacols of the ABI 7900HT Fast, ABI 7500 Fast, ABI
] StepOne, Bio-Rad CFX56 and CFX354, Roche
H . Lightcycler” 480 and Eppendorf Mastercycler ep realplex.
0.4 102 | D16 | Reverse 0.1-0.8 * Amplification of difficult templates, such as human
primear genomic DNA, may benefit from longer (up to two minute)
X % z Template DNA | varied, ~pg-ng initial denaturation times
* Optimal extension times vary with amplicon length. In
) .1 00X ROX 0.1 60)( As general, an extension step of 20 sec is sufficient for all
® y z internal required by§ amplicons under 200 bp in length. It may be necessary to
reference dye | instrument increase the length of this step to conform to the minimum
45 | gs. g5 | Water extension time of certain instruments or to ensure
50 | 25 20 | Total Volume complete replication of certain amplicons.

Figure F.2: LuminoCt SYBR Green gPCR ready mix Protocol (http://www.

sigmaaldrich.com/)
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Troubleshooting Guide

Problem Possible Cause Solution
Mo PCR productis | A PCR component is A positive control should always be run to insure components
observed. missing or degraded. are functioning. A checklist is also recommended when

assembling reactions.

SYBR is degraded.

Run an agarose gel to analyze the reaction product. If an
appropriately sized single band is evident, then detection is
faulty. SBYR Green | is light sensitive and must be protected.

The annealing temperature
is tao high.

Decrease the annealing temperature in 2-4 *C increments.

The template is of poor
quality.

Evaluate the template integrity by agarose gel electrophoresis.
It may be necessary to repurify template using methods that
minimize shearing and nicking. There may be no template due
to extraction or purification failure.

Primers are not designed
optimally.

Check pnmer set by running a dilution series on a known
template. Reorder or redesign as needed.

The initial denaturation
temperature is too long.

Remove the activation step. JumpStart Tag may be degraded
with long (>3 min) initial denaturation times.

arget template is complex.

In most cases, inherently complex targets are due to unusually
high GC content and/or secondary structure. Betaine has
been reported to help amplification of high GC content
templates at a concentration of 0.6-1.3 M.?

Reference dye is
mismatched

For Rn (normalized fluorescence) plots turn off reference dye.
Alternatively, view the raw fluorescence of gPCR amplification
plot. Removing normalization often restores plots to the
expected shape, allowing the calculation of more reasonable
Ctvalues. Alternatively, one may wish to titrate the reference
dye in the reaction. See suggestions in final troubleshooting
section.

ptﬁ eiﬁuency 15 too
low (<80%)

The annealing temperature
is too low.

Increase the annealing temperature in increments of 2-3 °C.

Template contains inhibitors

Run a standard curve (log [DNA] vs Ct). If the curve is non-
linear at high DNAJcDNA concentrations either revise the
DNA/cDNA purification or limit template concentrations to
linear range.

The primers are not
designed optimally.

Run a melt curve or agarose gel to check for the presence of
multiple amplicons.

The template is of poor
quality.

Evaluate the template integrity by agarose gel electrophoresis.
It may be necessary to repurify template using methods that

minimize shearing and nicking.

The initial denaturation
temperature is too long.

Remove the activation step. JumpStart Taq may be degraded
with long (>3 min) initial denaturation times.

Figure F.3: LuminoCt SYBR Green gPCR ready mix Protocol (http://www.
sigmaaldrich.com/)



Troubleshooting Guide (continued)

Problem Possible Cause Solution

PCR efficiency is too | Multiple loci hybridize to the | Run a melt curve or agarose gel to check for the presence of

high. primer set. multiple amplicons. Alternatively, for a sequenced target
genome use the NCBI program e-PCR looking for multiple
amplicons.

Technical replicates | Pipetting errors cause the Prepare large volume of complete mix and aliquot this into

return widely varied | fluctuation separate reactions. If the variance persists, see below.

Ct values or data Instrument requires an Add reference dye such as R4526 (100X Reference Dye) as

gives uninter- internal reference dye required for the specific quantitative PCR instrument (below).

pretable amplifi- Reference dye is For Rn {normalized fluorescence) plots turn off reference dye.

cation curves mismatched Alternatively, view the raw fluorescence of qPCR amplification

plot. Removing normalization often restores plots to the
expected shape, allowing the calculation of more reasonable
Ct values. If normalization is desired, the optimal amount of
reference dye must be determined by titration. As a guide, for
protocols run on an ABIT500 or Stratagene instrument, it was
found that internal reference dye is only needed at a
concentration of 0.1X, while on other ABI instruments, intermal
reference dye is needed at a concentration of 1.0X. In certain
instances, it was found to be necessary to increase the
concentration of reference dye for optimal results. As a rule,
users should not exceed a reference dye concentration of
1.0X when using an ABI 7500 or Stratagene instrument and
6.0X when using other ABI instruments.

LuminoCt i= 8 registered trademark, and JumpStart and Readyhdix

NOTICE TO PURCHASER: LIMITED LICENSE are trademarks. of Sigma-Aldrich Bictechnology LP and Sigma-
Aldrich Co..

Use of this praduct is covered by one or moare of the LightCyel d Taght ictered trad x5 of Roch

following US patents and comesponding patent claims ,,;g,euﬁf ;::[em?m? #re regislarad fademarks ol maens

outside the US: 5,994,056 and 6,171,735.. The purchase of

this praduct includes a limited, non-transferable immunity SYEBR is & registered trademasrk of Molecular Probes, Inc.

from suit under the foregoing patent claims for using only

this amount of product for the purchaser's own internal

research. Mo right under any other patent claim (such as

apparafus or system claims in US Patent No. 6,514,934) and

ne right to perform commercial services of any kind,

including without limitation reporting the results of

purchaser's activities for a fee or other commercial AH RS PHC 08/10-1
consideration, is conveyed expressly, by implication, or by T
estoppel. This product is for research use only. Diagnostic

uses under Roche patents require a separate license from

Raoche. Further information on purchasing licenses may be

obtained by contacting the Director of Licensing, Applied

Biosystems, 250 Lincoln Centre Drive, Foster City, California

04404, USA.

Sigma brand products are sold through Sigma-Aldrich, Inc.
Sigma-Aldrich, Inc. warrants that its products conform to the information contained in this and other Sigma-Aldrich publications.
Purchaszer must determine the suitshility of the product(s) for their particular use. Additionsl terms and conditions may apply.
Flease see reverse side of the invoice or packing slip.

Figure F.4: LuminoCt SYBR Green gPCR ready mix Protocol (http://www.
sigmaaldrich.com/)
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