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Abstract

Histone deacetylases (HDACSs) have become one ofdélntg areas of research
for cancer, neurodegenerative diseases, diabetestylaesi inflammation. Although
HDACSs are currently expressible in mammalian cultares yeast, it is important to
explore other cost effective options. Here it isvehohat class | HDACs are expressible
in insect cells. As well as expressing full length dorsdor class | HDACs, predicted
active domains have also been expressed. This inform@io be utilized in many areas
for future research including identifying unique sites to alllevelopment of specific
inhibitors for each HDAC, and developing a better undeding of the specific role of

each HDAC.
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1.0 Introduction:

DNA packaging is important in the regulation of transcoipti When cells are in
a resting state DNA is compacted tightly into a DNA-pmoicomplex called chromatin.
This structure is tightly put together to protect it friva binding of transcription factors
and allow the compaction of the long genome into th&llsrnuclear compartment.
Chromatin’s main subunit is the nucleosome which idena of an octamer of core
histones consisting of a H3-H4 histone tetramer and two-H2B histone dimers, all
wrapped in 146 bp DNA (De Ruijter et al., 2003; Hassig and ®&1el997). When
gene transcription is activated the chromatin relardgi@nscription factors are able to
bind the DNA. Changes to the chromatin structure byykatetg the core histones can
facilitate gene expression. The acetylation is edrout by histone acetyltransferases
(HATS); this decreases the interaction between DNAhastdne proteins. Histone
deacetylases (HDACSs) remove acetyl groups, increasing &idiAistone interactions.
The nature of the DNA-histone interaction will detamenhow well transcription factors

can bind to the DNA.
1.1 Class information

Currently, eleven HDACs have been identified and pladddmseparate classes
based on phylogenetic characteristics. Class | comdist®ACs 1, 2, 3, and 8 and is
similar to the yeast protein Rpd3; Class Il consistdlDACs 4, 5, 6, 7, 9, and 10 and is
related to the yeast protein Hdalp; and HDAC 11 has rgckeén placed into its own
class, Class IV (Wang et al., 2005). There is alscaasdll that consists of sirtuin

deacetylases, which are related to the yeast proteif&iegoretti et al., 2004). The



separation of HDACs into these separate classesésllzan sequence similarities. For
example, the DNA sequence similarity for class | HE¥As 75% for HDAC1 and 2, 50%
for HDAC1 and 3, and finally 51% similarity between HDAGRIEB.

Although eleven HDACs have been identified, only HDACS8 haen
crystallized. As scientists try to characterizedtieer ten HDACs, they will be using the
information on HDACSs structure, as well as possibiecstires and functions of the
other HDACs and applying them to one another. For elgrpcause the classes have
already been distinguished based on a phylogenetic antigsi HDACS8 can be
compared to HDACs 1, 2, and 3 because of the many simearitWhen attempting to
use information that is already known about one HDAQ a&pply it to another it is best
to know whether those HDACs are “paralogs” or “ortholagfsone another. It is
expected that paralogs will be functionally differenhilesorthologs will have similar
functions and characteristics (Gegoretti et al., 2004).

The information currently known about the separatesesf HDACS identifies
the first class as being found exclusively in the nucteukexpressed in various immune
tissues, while Class Il HDACs appear to be located ih tie nucleus and cytoplasm
and are more tissue specific and associated with musatédn (Blanchard and Chipoy,
2005; Gregoretti et al., 2004). Although there appear to beateganctions for each
class of HDACs as well as each HDAC itself, theranieraction between HDACs from
different classes. This can be seen with HDAC3aascl HDAC, which interacts with
many class [l HDACs including HDACs 4, 5, and 10 (De Rugteal., 2003). HDAC3
has both a nuclear import signal and a nuclear exmgordls while HDACL1, 2, and 8 only

have a nuclear import signal. These signals allowABBto be recruited by class Il



HDACSs and form oligomers with them with the assiseaotthe co-repressors: silencing
mediator for retinoid and thyroid hormone receptors (SM&I nuclear receptor co-

repressors (N-CoR) (De Ruijter et al., 2003).
1.2 Acetylation effects

As previously mentioned histone acetylation and deacetylaave been shown
to be linked to transcriptional regulation (Hassig and &bbkr, 1997). Acetylation
weakens the histone-DNA interactions by neutralizingpthetive charge on the lysine
residues. This reduces the attraction between the gisddrand the negatively charged
DNA. When the DNA-histone interaction weakens themnore access to DNA binding
sites by transcription factors and possibly DNA repiaafactors. Histone deacetylases
can suppress transcription and reduce DNA replication bgetidating chromatin and
allowing ionic interaction between the histone lysiaed the phosphates on DNA (Fig.

1).

Drasetjlated museasome Acetylatid rracheasome | Figure 1: Acetylation and
Deacetylation of Histones

The acetylated nucleosome showg
histone tails that still have acetyl
groups attached and are relaxed
away from the nucleosome core.
This relaxed formation makes it
easier for transcription factors to
bind (Hassig and Schreiber, 1997)

1.3 HDAC complexes

HDACSs appear in many different protein complexes. TB&8A-HDAC and

the nucleosome-remodeling histone deacetylase (NURD)-HEohplexes, as well as



interaction with co-repressor Ying-Yang 1 (YY1) area &amples (Ayer, 1999; Cress
and Seto, 2000).

mMSin3A was originally identified by its associationmilad-Max, a
transcriptional repressor (Ayer, 1999). mSin3A existthasentral part of a complex it
forms with HDACSs, with other proteins building from tlmemplex to form a ‘core
repressor complex’. It has been shown that mSin3lassociate with HDAC1 andia
vivo to form a complex that will allow for repression cdriscription by Mad-Max.
However, mSIin3A can suppress transcription without binding@ACs (Cress and
Seto, 2000).A model has been developed termed the ‘targeted repressialel which
involves the mSIin3A-HDAC complex being tied to a promotea bsanscriptional
repressor, such as Mad-Max (Ayer, 1999). Besides iteiasem with Mad-Max, the
mSin3A-HDAC complex also interacts with two otherrepressors SMRT and N-CoR,
though there is no definitive information on the naturehat interaction.

HDACSs 1 and 2 also interact with the NuRD-HDAC compl&his complex
does not contain any of the subunits of the mSin3A-HRA@plex (Ayer, 1999).
Instead it associates with other proteins that assi$DAC activity and chromatin-
remodeling activity. There is a possibility that therepressor YY1 binds to HDACs
and targets the NURD complex. YY1 is a repressor tigtively regulates transcription
(Cress and Seto, 2000). It can bind HDAC2 to DNA and thigpt®athen acts as a
repressor of transcription. HDAC1 and 3 can also reprasscription when they are
targeted to promoters of various repressors. YY1 is éggec interact with various

HDACSs, but it has not been co-purified in complex at past.
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1.4 Inhibitors

The information that HDACs are important in contrajligene expression has
spiked interest in them as target sites for treatrmecancer, diabetes, obesity,
inflammation, and neurodegenerative diseases.

1.4.1 Areas for use

Inhibitors that are developed for specific HDACs can bé asecancer treatment
because they can cause cell arrest and reverse th®traations of some cells. In
certain types of cancer, tumor suppressor genes handureed off or silenced. HDAC
inhibitors are able to target specific regulatory pathveangsreactivate silenced
suppressor genes (Cress and Seto, 2000).

HDAC inhibitors are also of interest for diabetes, diyesind inflammatory
diseases research. HDACSs, specifically class le laaveffect on inflammation. HDAC
inhibitors appear to have an effect on a specific trgvtgmn factor, NF- B, which
reduces inflammatory mediator production (Blanchard and Chiit5). Not only do
HDAC inhibitors affect NF-B, they also reduce cytokine and NO production, both of
which contribute highly to inflammatory diseases. HDAGIbitors can act as both an
activator of a pro-inflammatory gene or as a suppressmosinfammatory genes based
on its molecular target.

1.4.2 Types

Different HDAC inhibitors can act in millimolar coentrations while others are
much more sensitive and can inhibit at nanomolar corat@ris. Currently all
inhibition done on HDACSs is reversible except for thamel by trapoxin and depudesin,

both of which are cyclic tetrapeptides (De Ruijtealket2003).
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1.4.2.1 Short Chain Fatty Acids
The first discovered HDAC inhibitor was the short ahaitty acid, butyrate (Fig.
2) (Hassig and Schreiber, 1997).

Butyrate, in millimolar concentrations, inhibits both

O
/\)k class | and class Il HDACs, with the exception of
OH HDAC6 and HDAC10 (Blanchard and Chipoy, 2005). It

Figure 2: Butyric acid structure | can also have side effects on cell membrane,

cytoskeleton, and other enzymatic activities.
1.4.2.2 Hydroxamic acids

Hydroxamic acids are a class of weak acids which includgshdstatin A (TSA)
(Fig. 3) and suberoylanilide hydroxamic acid (SAHA) (Fig. @urrently the most potent
inhibitor of HDACs is TSA which can inhibit HDACs in namolar concentrations. It
was discovered to have proliferation-inhibitory propertigth cancer cells making it an
attractive drug candidate (De Ruijter et al., 2003). HoweN8A is a fermentation

product ofStreptomycethat takes many steps with a low yield making it coestigh

®) 0O inefficient as a cancer therapeutic

TR N’OH agent.
H

MesN
Figure 3: Trychostatin A (TSA) structure (Vannini et SAHA has also attracted a lot
al., 2004)

of attention as a possible inhibitor to

@\ 0 H be used in clinical work. It has also

NJK/W\[(NNOH recently finished being tested in Phase
H

Il clinical trials with positive results.

Figure 4: Suberoylanilide hydroxamic acid (SAHA) .
structure (Vannini et al., 2004) (Wang et al., 2005) SAHA is an
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inhibitor of both class | and class Il HDACs in nandem@mounts and inhibits by

binding to the zinc-containing pockets of HDACs (Blanchard@ighoy, 2005).

1.4.2.3 Cyclic tetrapeptides/epoxides

Cyclic tetrapeptides are recognized by their complicstiedture of a 12 atom
cyclic tetrapeptide backbone as can be seen below (HasdiSchreiber, 1997). The
structure also consists of various hydrophobic side chamipthject out and can bind or
disrupt interactions of HDACs with other proteins. A eutrcyclic tetrapeptide that is

being studied is apicidin (Fig. 5).

|\/ Apicidin is a potent inhibitor that shows anti-

protozoal effects on certain parasites and anti-

> 0O
C _— o
Y\ ﬁ m proliferative effects on specific cancer cells
H N
N

(Kim, 2004). Studies performed on its effects

i
7 "0 OMe . _ .
o = on various cancer cells established anti-
\/\/I(\ invasive and anti-angiogenic traits providing

Figure 5: Apicidin structure (Vannini et al., . .
evidence that it may act as treatment for

2004)

tumors and will be tested in phase | and Il

clinical trials.

1.4.2.5 Benzamides
Benzamides are the final identified class of HDAC inbitst MS-275 is an
example of a benzamide inhibitor that has an affimtyHDAC1, but also inhibits

HDACs 3 and 8 (Fig. 6) (Simonini et al., 2006).
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JL MS-275 acts as a potent inhibitor
= O N NH2
I H H of leukemia tumor cells in
N/ N
o micromolar concentrations where
Figure 6: MS-275 structure (Vannini et al., 2004) it induces differentiation and

apoptosis of cells. It exists as a possible treatamesiphase | clinical trials were
recently completed establishing that there is a longklife than was expected from
original trials and an optimum oral dose was determinadydti and Pelicci, 2006;

Ryan et al., 2005).

1.5 Goals

The goal of my research will be to assist in tleitlg and production of both full
length (FL) and catalytic or active domains (AD) of ddlss | HDACs in insect cells.
Once expressed, each HDAC will be purified and thenddsteactivity using a
commercial activity assay. If the activity resulte positive these proteins can be used
for future research in the identification of unique intabbinding sites for individual

HDACs. To summarize the various steps of the reseafichv chart was constructed

(Fig. 7).
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Bacmid

|

Virus

|

Culture

|

Figure 7: Research Flow Chart
A flow chart that depicts the
multiple steps of obtaining the
HDAC protein and testing
activity

Purification

|

Activity
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2.0 Methodoloqy:

2.1 Virus Production

HDAC DNA was obtained in bacmid form from the Mol&suBiology
department at Blue Sky Biotech. In total seven contstmvere obtained, HDAC1 AD,
1FL, 2AD, 3AD, 3FL, 8AD, and 8FL. All full length constrgatvould produce a protein
with molecular weight of around 50kD and the active domaimstructs, a protein of
roughly 30kD. 10uL of bacmid DNA was pipetted into 750uL of @f¢m, which is
an ion free medium, and gently mixed. 45uL of Cell FFreatas pipetted into 750uL of
Opti-Mem and gently mixed. The two separate mixtures akweed to rest for five
minutes, followed by gentle mixing of the two. This migwvas incubated at room
temperature for 30 minutes. The solution for each HDA®GStruct was then pipetted
into 36mL of SF9 insect cells at a density of around 1.1%dls/mL. The insect cell
medium is HyQ SFX Insect Medium and is supplemented Witg/mL gentamycin.
Cultures were grown at 27°C at 120rpm for five days. Tdmestection was monitored
by sampling on the fourth day. A 1.5mL cell suspensiorptamas taken for each virus
stock for western analysis, as well as a Cedex sanipiie Cedex provides cell counts,
viability analysis, and information on the overall hiaft the cells, including cell
diameter. For information on the Cedex refer to timoVatis website
(http://lwww.innovatis.com). When the viability had droppetbly 70% and the cell size
had begun to fall the virus was harvested by centrifugatid®00 rpm for six minutes.

The supernatant was then filtered through a 0.45 miclten. fiStandard fetal bovine

16



(Invitrogen) was added at a concentration of 3% to pradtectitus for storage for

extended periods of time. The virus stocks were storédt @t
2.2 Viral Infections

To test the expression of the virus stocks in insdls, ¢bree types of cells were
used, SF21, SF9, and High 5. All cultures are inoculataddansity of around 7.5 X 10
cells/mL. Cultures are allowed to grow for 24 hour7&C at 120rpm. The media used
for SF21 and High5 insect cells was Insect Express (Gagnbnd was supplemented
with Img/mL gentamycin. Media used for SF9 insect eals HyQ SFX Insect
Medium (Fisher) supplemented with 1mg/mL of gentamycifterAhe growth period of
24 hours, cultures are infected with varying dilutions ofdifierent virus stocks.

For expression tests of HDAC3 AD and FL and HDAC2 AD 508#21 insect
cell cultures were infected with virus stocks at dilusi@f 1:100, 1:1000, and 1:10000
and allowed to grow for 72 hours. Cedex and 1.5mL cellewspn samples were
collected every 24 hours in each of the three dilutiassyell as from a control flask. A
separate expression test of HDAC1 AD, 1FL, and 8AD ocdunr@50mL SF21 insect
cell cultures infected with virus stocks at a dilution of 1:8@ultures were allowed to
grow for 72 hours after which a 1.5mL cell suspension s&amas taken. A final
expression test of the three different insect aafidioccurred. 50mL cultures of SF21,
SF9, and High 5 insect cells were infected with the HDACRvirus stock at a dilution
of 1:2500. Cultures were grown for 72 hours with 1.5mL cepesansion and Cedex
samples being collected every 24 hours. All cell suspersimples were analyzed on a

12% polyacrylamide gel and a western blot was performecessune expression.
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Using dilutions that would produce optimum expression irABB AD, 3FL,
2AD, and 8FL 800mL cultures of SF21 insect cells were iateatith the different virus
stocks. For HDAC3 AD this was a dilution of 1:5000, 3FL w900, 2AD was
1:5500, and 8FL was 1:800. All of the cultures were grown amglsa as previously
described. When the cells had reached optimum expreskine the viability had
begun to dip and the cell size was high, around 72 hoursuttuges were harvested and
a 1.5mL cell suspension sample was collected. Thereslivere centrifuged at 2500rpm
for 15 minutes and were re-suspended and washed with 1X phobpffated saline
(PBS) and transferred to 50mL conical tubes and centrifuggid at 2500rpm for 15
minutes. Cell suspension samples were analyzed udidgogolyacrylamide gel and a

western blot.
2.3 Purification

The cell pellet, roughly 8.0 grams, obtained from the esgio@ runs was
weighed and 200uL of protease inhibitor cocktail (PIC) (AoaariBioanalytical) was
added. The pellet was then resuspended in 40mL of 1X “WXX' is a proprietary
lysis buffer of Blue Sky Biotech. The resuspendedsaedire then lysed by sonication
three times for 30 seconds on ice with a one to twwtaiperiod in-between for the
sample to cool. After sonication the sample was daegéed at 15,000 rpm for 30
minutes. A 5mL pre-charged Ni Sepharose 6 Fast Flow co{@mersham Biosciences)
was prepped by adding 5mL of 1X WX three times to the cohanutean it and adjust it
for the buffer that will be used. The supernatamasiéd on the column. The column
was then washed two times with 5mL of 1X WX with 20rmiMdazole. The column

was eluted twice with 3mL of 1X WX and 300mM imidazolanafly the column is

18



stripped using 5mL of 1X WX and 500mM imidazole. Western &tat coomassie stain
were used to analyze the 1.5mL samples collected fronvhibé& cell, flow through,

wash, each elution, and strip.
2.4 Protein Gels and Véstern Blots

All cell suspension samples collected were analyzedyustfo SDS-Page
polyacrylamide gel (Sambrook and Russell, 2001) and then pénfpenwestern transfer
onto 0.45 micron nitrocellulose membrane (Pierce Bigteldgy Inc.). Each cell
suspension sample was first centrifuged at 14000rpm for fimates. The supernatant
was then discarded and the cell pellet was prepped using 20@uitodbuster (Novagen)
and 0.25uL of PIC to bust open the cells and release obeimpr The mixture was then
placed on an orbital vortexer for 20 minutes after whiG®uL cell suspension sample
was combined with 150uL ¢ and 100uL SDS-Page loading dye and labeled the
whole cell fraction. The resuspended cells were teetrituged at 14000rpm for 10
minutes to spin down cell debris. A 100uL sample wasaeltefrom the supernatant
and combined with 100uL di&® and 100uL SDS-Page loading dye and labeled the
soluble fraction. The whole cell and soluble fractierere boiled on a heating block for
5 minutes, allowed to cool, and then run on a 12% gel andtzmdransfer was
performed.

After the transfer is completed the membrane is bldekieh a 5% milk solution
using 1X tris buffered saline-tween (TBST) for 30 minutes #hen placed in a solution
of 1:1000 anti-His primary antibody (Molecular Probespronght at 4° C. The western
is then washed three times for five minutes each witiB®T and placed in a solution

of 1:2000 anti-mouse AP secondary antibody (Promega) twrhiours. It was then
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washed three times again with 1X TBST and is developed Wgasgern Blue developer
(Promega).
2.5 Protein Concentration

To measure the concentration of protein obtained througfigation a
bicinchoninic acid (BCA) assay was performed. The akisd#?ierce) provides a protein
standard and a developing buffer. First different cammagons of the protein standard
are prepared at 0, 0.2, 0.4, 0.6, 0.8, and 1.0 pg/mL. The HidAtles are prepared in
three separate dilutions of 100% HDAC sample, a 50% HDA@kamand a 20%

HDAC sample. All dilutions were prepared using purified watgll samples were run
in triplicate. When loading the samples into a 96pkte 20uL of protein sample was
added with 200pL of the developing buffer and thoroughly mixede pléte was
allowed to incubate at 37° for 30 minutes. After the lnation period the plate is
allowed to cool to room temperature and then read using aptate reader at 570nm

and the data is graphed.
2.6 Activity Assay

An activity kit (Epigentek) that uses colorimetric elgfon to measure
deacetylation was used. The assay kit obtained provides| 8trips. The wells are first
washed with 150uL of 1X wash buffer. Then 50uL of a bidéitred HDAC substrate is
added to each well and incubated at room temperature for 4Besiduring which time
the biotinylated substrate will bind to the well. The welksthen washed twice with
150uL wash buffer to remove excess substrate. Aftehiwg, 28uL of assay buffer and
2uL of the HDACs were added to the wells and allowed tobate at 37° for 60

minutes. The kit provided TSA as an inhibitor. The watks washed with 150uL wash
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buffer after the incubation period and 50uL capture antiimddded and incubated on a
rocking platform for 60 minutes at 100rpm. Another wash ocandsS0pL detection
antibody is added and incubated for 30 minutes at room teraperakhere is one final
wash phase that consists of four washes with 150puL and 100jhe developing

solution is added. It is allowed to develop for up to 10 minanesy from light and the
development progress can be monitored by the amount offfaltiappears in each well.
After 10 minutes 50uL of stop solution is added and the péatdoe read on a microplate
reader at 450nm and charted graphically. Blank wells witbubstrate or HDAC and
control wells of only substrate are also assayeddtition, an active HDAC (UpState)

was used as a positive control.
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3.0 Results:

3.1 Virus Production
Using previously constructed and verified clones of HDAC,3AD, and 2AD

viral stocks were produced by transforming SF9 insect céltsbhacmid DNA.

HDAC WC HDAC SF

2AD 3AD 3FL marker 2AD 3AD 3FL
o: & B gl JB W W Figure 8: HDAC Expression during
o8 Viral Stock Production
e 64 Western blot of HDAC2 AD, 3AD,
0 and 3FL viral stocks produced in SF9
— = insect cells. Arrows represent the
- expected size of the HDAC protein.
WC: whole cell, SF: soluble fraction
22

All transfections were monitored on westerns using whelldysates and soluble
fractions from lysed cells. Each transfection shoexatession for the corresponding
HDAC (Fig. 8) so the viruses that were harvested fraesdlcells were then used for
subsequent expression testing and scale-ups. Expressiensioltible fraction is weaker
than that in the whole cell most likely due to soméhefprotein remaining in the cell
fragments after lysing.
3.2 Expression Test

For this set of viral stocks an expression test wasqeed. Each viral HDAC
construct was used to infect 50mL SF21 insect cell culinrégutions of 1:100, 1:1000,
and 1:10000. The cultures were allowed to grow for 72 houhssaimples being taken

every 24 hours (Fig. 9).
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Figure 9: HDAC Expression
Tests

Western blots for different
HDAC constructs with data for
every 24 hours at dilutions of
1:100, 1:1000, and 1:10000 in
both whole cell (WC) and
soluble (SF) fragments.
HDAC2 AD expression (A),
HDAC3 AD expression (B),
and HDAC3 FL expression
(C). Arrows represent
expected protein size.

There appears to be some expression for each consExatession is

significantly higher in the whole cell samples, busihot uncommon for protein levels

to be significantly lower in the soluble fraction.
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When comparing the westerns from the transfectedwehsthose of the
expression tests, the transfected cells appear to ktes bxpression of the HDAC
protein. To determine if this was due to differences inrtbect cell lines a test was run
of a single dilution of 1:2500 of HDAC2 AD in SF9, SF21, angh-b cells over a
period of 72 hours. HDAC2 AD was chosen because it hadeshstrong expression in

SF9 insect cells and faint expression in SF21s.

HDACZAD in SF21 cells HDAC2AD in SF9 cells HDAC2AD Hi-5 cells
wC SF wcC SF wC SF
-Con 24 48 72 24 48 T2 mlll;ig:r Con 24 48 72 24 43 72 Con 24 48 L] 24 48 72 F|gure 10 |nsect Ce”
i Expression Test
55 Western blot of HDAC2
AD in SF21, SF9, and
- = High-5 insect cells at a
27 dilution of 1:2500 with

data from 24 hour
intervals. Arrow
represents expected
protein size.

The results (Fig. 10) appear to show that there is neraigble difference
between expression levels in the different cell lin€kese westerns also verified
expression of HDAC2 AD which had shown faint expresaie expression test.

Additionally an expression test was done for HDA@stoucts already in P1 virus
stocks, HDACs 1AD, 1FL, and 8AD. Cultures were growa R60mL volume of SF21

insect cells and infected at a dilution of 1:800 for eacls\stack.
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2AD IFL 1AD

Sol WO Sol WO Sol  WC marker
230
130

100 Figure 11: HDAC1 AD, 1FL,

= :[] and 8AD Expression Test
Western blot that verifies
3 . expression of HDACS8 AD, 1FL,

and 1AD in SF21 insect cells in
both whole cell and soluble
fractions.

r... L
i :

Figure 11 verifies the expression of HDACs 1AD, 1FL, an®8ASF21 insect cells.
3.3 Expression (Large Scale)

Using the data obtained from the expression testsrlacgde infections were
performed in 800mL volume. In addition to scaling up HD2@®, 3AD, and 3FL,
HDACS8 FL was also run. HDAC2 AD was infected at a diltad 1:5500, 3AD was
infected at a dilution of 1:5000, 3FL at a dilution of 1:5000, &fid8as infected at
1:800. After 72 hours the cells were harvested and tést@rdesence of the HDAC
protein (Fig. 12).

HDAC2 AD HDAC3 FL HDACS FL HDAC3 AD
nT‘fgcr WC SF WC SF marker WC SF WC SF
148

o8 98

= N 5 Figure 12: HDAC Scale-
Ups
— 8 50 Western blot for HDAC2
AD, 3FL, 8FL, and 3AD
- e 800mL scale-ups in SF21
insect cells.
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The western results are not conclusive. Howeverjrtformation obtained from the
Cedex appears to confirm that the cells were infecteitl ispossible that the cells are

expressing the HDAC protein and it is not highly visibledvse the antibody did not
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bind. Following this reasoning the harvested cells weré nsiirther protein

purification stages.

3.4 Puirification

Each HDAC construct included an N’ terminal polyhistit@ltag to allow for

purification on a Ni column. HDACs 2AD, 3AD, 3FL, and 8tere all extracted from

the large scale infections and subjected to column chogragihy. Samples were

collected throughout the purification and analyzed by cesiaastain and western

blotting (Fig. 13).

HDAC2 AD HDAC3 FL

WC FT wash El E2 strip marker WC FT wash El strip
148

98
64 et
_} 50 -
— 36
C ¥

148

1

8 828

1

ER

HDAC 3AD

HDAC 8FL

WC FT wash E1 E2 strip WC FT wash E1 E2 strip
marker b

Figure 13: HDAC Purification Results

Coomassie stains (A, B) and western blots (C, D)shatv the results of the HDAC
purification. Samples collected from whole cell (Wfw through (FT), wash,
elution 1 (E1), elution 2 (E2), and strip were analyzedfzh HDAC construct.
HDACS3 FL purification (A, C), HDAC3 AD purification (A, DHDAC2 AD
purification (B, C) and HDACS8 FL purificatoin (B, D).
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The western results appear positive for HDAC8 FL and BB AL, but not necessarily
for HDAC2 AD and 3AD. Using the elution 1 samples cd#elc protein concentrations

were calculated using the BCA assay.
3.5 Activity Assay

Using the protein concentrations obtained from the B&#ay 100ng and 2500ng
HDAC samples were prepared for use in a commerciallyhased HDAC activity
assay. For the first test of the assay these ssmy#re run in duplicate along with
substrate only and a commercial source of active HDAG&ddition to the purified
proteins mentioned previously, the activity of other purifieatgans, HDACs 1AD, 1FL,

8AD, and 8FL was also tested (Fig. 14).

12

0.8

@ 100ng
B 2500ng
— O Substrate

ODys0
o
[=2]

0.4 4

0.2 1

| | i

Substrate 8AC 8FL* 8AD* 1FL* 1AD* 8FL 2AD 3FL 3AD
HDAC Construct

Figure 14: Activity Assay Using Two Concentrations
Each sample was run in duplicate and an average of threadmgs is plotted. HDACs were testeld
in 100ng and 2500ng samples. The HDAC proteins olatdhveugh purification were tested
against substrate only and an active HDACB8 availabtenvercially (8AC). HDAC samples marke
with a “*" were produced previously and also tested in thsag.
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Deacetylation of the biotinylated substrate will resulh decrease in OD. It appears that
all HDACs, except the commercially purchased HDACS, haeacetylation activity.
This is more obvious in the samples that are treatidtiae higher concentration of
HDAC. The commercially purchased HDAC, which is supposedaktactive, does not
appear to be active in this assay.

To determine if the deacetylation observed in the fessapwas due to HDACs
the assay was repeated using the higher concentratpumiéd protein and a specific
inhibitor, TSA. This should show substantial reductiodeacetylation if it is indeed due

to HDAC activity (Fig. 15).

0.8

0.7

0.6

0.5 1 ]

O no inhibitor
B w/ inhibitor
O Substrate

ODyso
=}
N

0.3 1

0.2 1

0.1

Substrate 8AC 8FL* 8AD* 1FL* 1AD* 8FL 2AD 3FL 3AD
HDAC Construct

Figure 15: Activity Assay w/ Inhibitor

Data obtained from the activity assay is chartedhgcafly with HDACs without an
inhibitor and with an inhibitor. Samples were run in dwgtkcand the average was taken
for analysis.
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Again the commercially purchased HDACS8 does not appear taibe acthis
assay as there is no significant reduction in signahuggcaddition. Additionally,
although the other HDACs appear to be active in thisyasisare is no inhibition by
TSA. The TSA is present in 200X molar excess if @ssumed the protein is 100%
HDAC. This should be enough to inhibit all HDAC activityhe odd data for HDAC1
FL may be due to an abnormal sample that was significhigther OD then its duplicate
without inhibitor, the OD readings of the duplicate ssaaplere 0.972 and 0.523.

This assay was repeated (Fig. 16). The major differenites assay is that the
purchased HDACS8 appears to show some minimal activity leghthan 50% of the
signal compared to the substrate alone. However,ctistg is not inhibited by TSA.
Only one sample, 1FL, shows a decrease in deacetylahien the inhibitor is added, but

it is not clear if this is a significant, particuladg it is contrary to the previous data.
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1.4

1.2

O no inhibitor
B w/ inhibitor
O Substrate

Ol D450
o
©

0.6

0.4

0.2

0

Substrate 8AC 8FL* 8AD* 1FL* 1AD* 8FL 2AD 3FL 3AD
HDAC Construct

Figure 16: Activity Assay w/ Inhibitor

Data obtained from the activity assay is displayed gcafiftifor HDAC
constructs with both an inhibitor and no inhibitor. Alfrgdes were run in
duplicate and the average is being used for analysis.

Because of lack of materials only one more assay blag@be performed. The
final assay repeats the first assay by testing the HDIA®vo separate concentrations,

this time using 1000ng and 2500ng samples (Fig. 17).
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Figure 17: Activity Assay Using Two Concentrations
Data obtained from the activity assay is plotted giegdhyi to display these differences.

All samples are run in duplicate and the average is tkemnalysis.

For several samples, 8FL, 1AD, 1FL, 8FL, there is ardifference between the two
concentrations. For several others, 2AD, 3FL, 3AD, 8#B,0D is very low and not
significantly changed by increasing the protein concentraticthis suggests that even the
lower concentration has saturated the system. lrglethese are the active domain
constructs. Since they are smaller, the same anedymobtein would be expected to

have a higher concentration of enzyme. However, shre@rotein samples were not
purely active domain constructs it is difficult to extrigbe activity analysis from this

data.

31



4.0 Discussion:

Histone deacetylases have become a target areadarcksn many scientific
fields, particularly cancer. To perform the large am@imesearch on HDACSs that is
currently occurring it is important to find a way to produzen in bulk. The ability to
express class | HDACs in insect cells appears to batdevoption. Not only were full
length HDACs expressed, but predicted catalytic or adiveains of HDACs were also
expressed. To be able to show expression of possible @ctmain HDACs is also
important in the understanding of the possible structutki®firea.

There is a definite variation in expression levelsveen the different HDAC
constructs. One way to separate the data is betwedulltlength and the active
domains. The active domain constructs appear to hawees expression level than the
full length versions. This could be due to a decreasealmlisy.

An important part of obtaining the HDAC proteins was tafyehat they were
active. Inactive HDACs would not be beneficial &inical research. To test the activity
an activity assay was performed. The assay measwedt¢tylated substrate via a
colorimetric assay. Thus, the lower the average @Devfor each HDAC construct, the
more active that HDAC would appear to be. Unfortunatbly résults of the activity
assay are not conclusive for HDAC activity. Althougé purified HDAC samples all
showed some activity in the assay, none of them wéikited by TSA, a specific
HDAC inhibitor. It is possible there was no inhibitioedause the TSA was inactive.
However, there is no way to determine if this is trasdal on the data. A commercially
purchased, and supposedly active HDACS8, also showed no sagwiéictivity in this

assay. If this enzyme showed activity it could have beed tssshow the efficiency of
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the inhibitor. However, because it showed no activigré was no way to determine if
the inhibitor was active. Thus, this data only demoresrdtat the purified protein
samples, which all clearly have multiple proteins, da@ormn enzymatic activity that
can deacetylate the substrate in the assay. Furtberieents must be done to
demonstrate that the activity present in the assayfact due to the cloned HDACSs.
At the end of the testing all HDAC constructs had keeqiressed, purified, and

activity tested except for one. A summary of the vagisteps can be seen in Table 2.

Construct | Cloned :Expressed : Purified :Activity :Active

I1AD X X XX i Yes
AFL X X X X i Yes
2AD X i X XX Yes
L R O T R
SAD X i XX X Yes
BFL X i X X b X Yes
8AD X X oo X X Yes
8FL X X X X Yes

Figure 18: Summary of Completion

Although all the constructs that were tested for agtaipeared to be active there were
varying degrees of activity. If another activity assag warchased then it could be
attempted to determine actual activity values. Also, it ditvel beneficial to test more
concentrations of HDACS, in particular HDAC3, to beitew the differences between
active domains and full length domains. In addition tasueing actual activity values
an attempt at cloning HDAC?2 FL could also be performed tdrmaos this research.
Finally, to better examine the inhibitor data, an actehitor should be purchased from
a separate source and used when repeating the activiyy assa

The ability to produce HDACSs in a cost effective maisamportant because of

the amount of research that is currently being conductied) these enzymes. However,
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being able to express class | HDACs in insect cellstshe only thing provided here.
Expression of possible active domain constructs for ¢BEXAC has also been
established. This data can be used in further studiee imtterstanding of what makes
each HDAC unique. If unique domains for each HDAC carléstified, then the
development of inhibitors that are specifically desigrmedHose domains becomes a
possibility. By creating HDAC specific inhibitors a lttuinderstanding can begin of
what each HDACSs role is and what the effects atahobiting it. This data can be
applied to developing treatments for specific cancers @r alkeases where HDACs

play a role.
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Data Run Sheet

Expsriment  HDAG viral stock Date: 10-14-2005 HDAC2AD #2

Flask Vol.: 36mil125ml Shake Flask

Medium: Insect Express (Cambrex) plus 5§ mg/L Gentamicin

Cell Line BS-SF21 4|
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Data Run Sheet

Experiment  HDAC viral stock Date: 10-14-2005 HOAC2AD #3

Flask Vol.: 36mli125ml Shake Flask

Medium: Insect Express (Cambrex) plus § mg/L Gentamicin

Cell Line BS-SF21°1
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Data Run Sheet

Experiment  HDAC viral stock Date: 10-14-2005 HDAC3FL #5

Flask Vol:  36mil128ml Shake Flask

Medium: Insect Express (Cambrex) plus § mg/L Gentamicin

Cell Line BS-SF21
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Data Run Sheet

Date: 10-14-2005

Experiment  HDAC viral stock
Flask Val.: 36mii125mi Shake Flask
Medium: Insect Express (Cambrex) plus § mg/L Gentamicin
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Data Run Sheet
Experiment  HDAC 2AD Scout Date: 11-03-2005 SF1
Flask Vol: S500mif2L Shake Flask
Medium: Insect Express (Cambrex) plus & mofiL Gentamicin
Cell Line BS-SF21
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Data Run Sheet
Experiment  MDAC ZAD Scout Date: 11-09-2005 SF1 1:100
Flask Vol.  500mi/2L Shake Flask
Medium: Insact E_-D: Aﬂgu_ﬂﬂy ﬂ——n- 5 ap__l Gentamicin
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Data Run Sheet
Experiment  HDAC 2AD Scout Date: 11-09-2005 SF1 1:1000
Flask Vol.  500mU2L Shake Flask
Medium: Insect Express (Cambrex) plus & mg/L Gentamicin
Call Line BS-SF21
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Data Run Sheet

Experiment  HDAC 2AD Scout Date: 11-09-2005 SF1 1:404

Flask Vol.  500ml/2L Shake Flask

Medium: Insect Express (Cambrex) plus 5§ mg/L. Gentamicin

Call Line BS-SF21
Date Pass# Tirme Run Time | Viable Cells [Cedax) Wiahlity Tolal Cells (Cedeax) dameater Subcultured Waw Comments:
2005 [hours) {callsiml) (%) (eedlsdmi} {rmicr 1% Pagsl

eod-os | Pue DD L. — lnoculated @ Ao » 102 celle [nal.

eoBow | Puys L1oo | .0.00 B35 ]ved oo, h&oo eS|k

e L | Infeeded wv) € Nikal sholetRéE  Lipk

legd-os | Poe | 100 | 24,0 laoauewn® |99, laa.34y10% [ 1865 — = L5 mL Sample

P-10-08 | P L1ioe |4B.0 [23.08x 105 | ¥ F [23.(3x 108 122 23 o — i

Urlhz9d Pug (e 100 18800, | 4o Jaledan® a3 o 7




Data Run Sheet

Experiment ~ HDAC Scout (Internal-Erin B.) Date: 10-24-2005 HDAC 3AD 100
Flask Vol.: 36mi/126ml shake flask
Medium: Insect Express (Cambrex) plus 5 mg/L Gentamicin
Cell Line BS-SF21
Date Passi#t Time Run Time | Viable Cells (Cedex) Viability Total Cells (Cedex) diameter Subcultured New Comments
2005 (hours) (celis/ml) (%) (cells/mi) (micrometers) 1:X Pass#
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Data Run Sheet

Experiment HDAC Scout (Internal-Erin B.) Date: 10-24-2005 HDAC 3AD 1000

Flask Vol.: 36mli/125mi shake flask

Medium: Insect Express (Cambrex) plus 5§ mg/L Gentamicin

Cell Line BS-SF21
Date Pass# Time RunTime | Viable Cells (Cedex) Viability Total Cells (Cedex) diameter Subcultured New Comments
2005 (hours) (cells/ml) (%) (cells/ml) (micrometers) 1:X Pass#

10124105 Ry LW O lorculeded. @ w182103 | celisfml.

ojasles. | M | wee | 00

i i " " Iofectecl.wl Rl Beck.. @, uoon

1ofadefosz ) B Lision 250 L xS | k.t 20 31v1c5 | 20,34 o = LEml. semple

lelloc] B L dioe [ 4so L lasixiet | 903 | 2180 x5 | 21.54 - =

1028185 Pra 2o 1223 [ A xe® | 2301 lasdein’  laoas - — i
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Data Run Sheet

Experiment ~ HDAC Scout (Internal-Erin B.) Date: 10-24-2005 HDAC 3AD 10K
Flask Vol.: 36mi/125mi shake flask
Medium: Insect Express (Cambrex) plus 5§ mg/L Gentamicin
Cell Line BS-SF21
Date Pass# Time RunTime | Viable Cells (Cedex) Viability Total Cells {Cedex) diameter Subcultured New Comments
2005 (hours) (cellsiml (%) (cells/ml) micrometers) 1:X Pass#
10124405 1H:60 - ooccied B vs] e ceNsleny,
10laslos 100,00
_. " b s nfecied :._.h Yool Secx @ 1laok
) = i : .
Wiztelose. | Pay IS0 l28.0 lansxios | s |22.08x18 | 13.18 = = | Sak..Sampl
iol2los. | P oo | 420 L 2w3xx 0> | 48 e L2k wox 105 | 21.8) = z o
1olaro3..]. B 19300025 L1900 0% [ eR& 1 20.oqxe®  lacad o = L
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Data Run Sheet

Experiment  HDAC 3FL Scout Date: 11-09-2005 SF1 1:100

Flask Vol.: 500mli2L Shake Flask

Medium: Insect Express (Cambrex) plus § mg/L Gentamicin

Cell Line BS-SF21
Diate Passit Time Run Time | iable Cells (Cedex) Wiability Total Cells (Codex) diameter Subcultured Plaw Commaents.
2005 {hours) (csileimi) 1) {ecalisimi] (micrometers) 1 Passt

W-0%-08 ] Puc Ion | .— Inoculated | @ v |30 %105 (dlsfnml |

lze8-08. | Pue |lon [ .B.00 2.3 2105 [9900, NAsoxes | 1w R oSN B, "
i . . . ldected Wl B _Jviral doce®* |5 @ |l:pd

H08:06 1 Pus [ IE00 L 24,0 113aux0% 1990, 11230002 2124 G - LS mbL_Sample

UpEoes | Pue L1D0 lUg.0 LllAkxias, | 834  Lid.3mxi08 L2438 = =

U\=0S [ Pye Jlpoes (900 ) Mol | 38.8 | A%y 0. 12089 s = :
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Data Run Sheet
Experiment  HDAG 3FL Scout Date: 11-09-2005 SF1 1:1000
Flask Vol 500ml2L Shake Flask
Medium: Insect Express (Cambrex) plus 5 mg/L Gentamicin
Cell Line BS-SF21
Diale Pass# Time Run Time | Viahle Calls (Cedax] Viabiiity Tolzl Cells (Cedex) dlameter Subculiured e Commeants
2008 (haurs) i (%) (callzimi) i 1X Pags#
1-0F-08 ) Pyg L IL0D | — lnoculated| @ |30 X105 0flls fonl.
| =08 Pous Lo en 000 iz 20yies, 1 a%e. . Lssoet L kol
) i X e ek ) B dica) ghiole ME @ 1| 00D
1L-0F-08 Pue | 11200 [24.0 117691105 |98.9 |0 8808 o Y s - - L&s.ml Samples
W=10:08.1. Pus L ILoe ldao. LA zxos, [ e 1a.85008 [ 2219 = - "
UziA=0S . LR ws oo 320 Lin)sad®. 1528 1924 es | av.a) s R o
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Data Run Sheet

Experiment  HDAC 3FL Scout Date: 11-09-2005 SF1 1:10K

Flask Vol.: 500ml/2l. Shake Flask

Medium: Insect Express {(Cambrex) plus 5§ mg/L Gentamicin

Cell Line BS-SF21
Date Passh Time Run Time | Viable Cells (Cedex) WViability Total Cells (Cedex) diameisr Subcultured New Comments
2005 {lvours) (eelisimi) (%) (ceflsiml) {micrometers) 12X Passd

-otos]. nﬂvr_n neo.l.—= Inoculated €. 302102 cklls

oS | Buc L 1uon L 000 |12 531x10° 199,60 11250 %102 | 1,11
k " L = Infecked. & owil B vival Stk ¥ @ | 10k -

1:0906. L. Pas L llibn 2 0. 122,52 10% L ag.b._l238axes. Li1.s] = e LS. ool anmple
1 100S | Pag LLEODIYR.O | adeavin® | 38,8, auadxes 122,24 — = b
U=t1=05 | Poe LILo0. L7120, 1180608 1153 483007 o605 o e i
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