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ABSTRACT

The 12 kDa protein, pl2°°“', is encoded by human DOC-I, a growth
suppressor gene. Association of p12°°“" with DOC-1R has been shown recently. The
minimal region of p12°°“" for interaction with DOC-1R is amino acids 20-25. These
proteins associate with cell cycle regulation. They seem to interfere with the activity
of CDK2 and also to suppress DNA replication. The amino acid residue for specific
protein-protein interaction should be identified to provide the basic information in the
cell cycle.

The purpose of this study was to identify the amino acids of p12°°“' from
position 20 to 25 that are specific for interaction with DOC-1R. A yeast two-hybrid
system was used to verify interaction between pl12°°“" mutant and DOC-1R.
Cotransformation of pAS2-1-DOC-1 mutants and pACT2-DOC-IR into PJ69-2A
were performed.

Yeast plasmids, pAS2-1-DOC-1 expressing a DNA binding domain which is
fused to p12°°“", and pACT2-DOC-IR expressing an activating domain which is
fused to DOC-1R were used in this study. Amino acid at position 21, 23 or 24 of
p12P°“! which are serine, histidine and serine, respectively, were individually
mutated to alanine by QuickChange™ site-directed mutagenesis. The mutated PCR
products were transformed into Escherichia coli (E.coli). The mutated plasmids were
extracted from E.coli and identified. Yeast strain PJ69-2A transformed by the mutated
plasmid was grown for protein extraction by Urea/SDS method. The expression of
each p12°°“" mutant was detected by SDS-PAGE and Western blotting using a
mouse monoclonal anti-DNA binding domain and anti-GST DOC-1 antibodies.

The expression of each mutated p12°°“" could be detected by SDS-PAGE and
Western blot analysis. Cotransformation procedures revealed that each of the three
p12°°“! mutants interacted with DOC-1R as shown by blue colonies on QDO with
X-0-Gal plates. These data indicated that a single amino acid mutation of p12°°“" at
position 21, 23 or 24 could not interfere with the interaction between p12°°“" and
DOC-1R.

KEY WORDS : p12°°“"/ DOC-1R / INTERACTION/ AMINO ACID /
IDENTIFICATION
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CHAPTER I
INTRODUCTION

Most recent incidence showed that, oral cancer in male is the eighth and in
female is the twelfth most common cancer in the world. (1) Distribution is unequal
between the developing and developed countries. Cancer of the oral cavity was newly
diagnosed in approximately 2,173 cases in Australia in 1996. (2) During 1978-1998, a
total of 65,130 in-situ and malignant cancers of the oral cavity and pharynx were
diagnosed in the United States, of which 83% were squamous cell carcinoma (SCC).
Sixty seven percent of the SCC occurred in the oral cavity. (3) In 2000, about 389,000
new cases of oral cancer in the world were reported, two thirds of which were in
developing countries. (1) Each year there were 200,000 cases in these countries died
from oral cancer. (1) In most countries, oral and pharyngeal cancer incidence and
mortality rates have either both stable or increasing in the last four decades. In
Australia in 1996, there were 400 deaths due to oral cancer. (2) Mortality rates of oral
cancer in 32 FEuropean countries increased from 7/100,000 in 1955-1959 to
17/100,000 in 1990-1992. (4)

In Thailand, cancer of oral cavity is common in both sexes. (5,6) It is the fourth
and the seventh most common cancer in male and female, respectively. (6) The age
standardized incidence rate (ASR) per 100,000 populations in males and females
ranged from 2.6 to 9.8 and 2.0 to 6.1, respectively. (6) From January 1988 to
December 1994, 1,078 cases of oral malignancies were found in the Southern
Thailand. (7) Songkhla had the highest incidence of oral cancer in males with ASR of
9.8, which is the second most common cancer in Southern Thailand. And the highest
incidence of oral cancer in females were found in Khon Kaen with ASR of 6.1. (6)
Estimate mortality rates of oral cancer for year 2000 are 3.65 and 2.76 per 100,000in
male and female, respectively. (8) Thus, oral cancer is one of the important causes of

death in Thailand.
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Advance in understanding the underlying mechanism of oral carcinogenesis is
necessary. Oral carcinogenesis is a multistep process. Dysregulated cell cycle proteins

DOC-1
2

lead to development of squamous cell carcinoma. (9) Recently, pl which is a

protein encoded from DOC-I tumor suppressor gene was found. (10) p12°°¢!
mediates growth suppression and suppresses DNA replication. (11,12,13) Significant

. . DOC-1
reduction or no expression of p12°°¢

in oral squamous cell carcinoma were reported.
(11,12,14,15) The expression of p12°°“" seems to associate with oral squamous cell
carcinoma.

p12°°“! has been reported to associate with CDK2, DNA polymerase
o : primase (pol-a : primase) and CK2B. (16-18) DOC-IR is a novel biological
interacting protein of p12°°“! found by yeast two-hybrid screening. (19) Binding
complex between p12°°“"! and DOC-1R seems to interfere the activity of CDK2 and
also suppress DNA replication. (12,17) DOC-1R is the protein that is sharing an
overall 57% identity of and also has similar function to p12°°“'. (20) The minimal

2POCbog interaction with DOC-1R was defined as amino acids 20-25.

region for pl
(19) The purpose of this study was to identify the critical amino acid position from 20
to 25 of p12°°“! for interaction with DOC-1R. The result of this study may provide

an interesting information for further study on the cell cycle mechanism.
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Objective
To identify the interacting region of p12°°“! to DOC-1R.

Specific objective

1. To mutate p12°°“!

at amino acids position 21, 23 and 24 and
express these mutated proteins in yeast.
2. To identify whether these mutated proteins can interact with

DOC-1R.
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CHAPTER 1T
LITERATURE REVIEW

Oral carcinogenesis is a multistep process. Many genetic events lead to the
disruption of the normal regulatory pathways, changing the excitatory and the
inhibitory cellular pathways, that control basic cellular functions (including cell
division, cell differentiation, and cell death). (21,22)

The cell cycle consists of four discrete phases, G1, S, G2 and M. (23) In Gl
phase (gap 1), the cell is metabolically active and continuously grow but does not
replicate its DNA. G1 is followed by S phase (synthesis), during which DNA
replication takes place. G2 phase (gap 2), during which cell growth continues and
protein are synthesized in preparation for mitosis. M phase or mitosis where a cell
divided into 2 daughter cells. (23) Cell cycle machinery controls cell proliferation.
(24) Defects in cell cycle regulator are common causes of the abnormal proliferation
of cells. (23) The cell cycle regulatory proteins are dysregulated in the development of
squamous cell carcinoma. (9)

At least two types of cell cycle control mechanism are described : a set of
checkpoints that monitor completion of critical events and delay progression to the
next stage if necessary and a cascade of protein phosphorylations that relay a cell
from one stage to the next. (24) The first type is the most important function as
“check points”. (25,26) Checkpoint loss results in genomic instability and has been
implicated in the evolution of normal cell into cancer cell. (25-27) The second type is
controlling proteins appear to be the maintenance of the chronological orders of the
cell cycle. (26) They are kinase family, cyclin-dependent protein kinase (CDKs). (26)
CDK activation requires cyclin binding and phosphorylation. (27) So the second type
control mechanism is working by two subunits, a regulatory protein (cyclin) and an

associated cyclin dependent kinase (CDK). (26,28)
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Passage through the restriction point and entry into S phase are controlled by
cyclin-dependent protein kinases that are sequentially regulated by cyclin D, E, and
A. (29) The interaction between cyclin E and CDK2 is important at G1 to S transition
and early S phase in human cells. (29-34) During S phase the interaction between
cyclin A and CDK2 is crucial (31). In addition, association of cyclin A during and
CDC2 is essential in G2 phase. (31,36) (Fig 1)

CDKl-cyclin B

CDKl-cyclin A

CDK2-cyclin A

. CDK&-cyclinD -
CDK2-cyelinE  CDKé-cyclin D

pRb-POy pRb-E2F

+
EZ2F

Fig (1) The proteins involve in normal regulation of the cell cycle. (23)

Two broad classes of genes : proto-oncogenes and tumor suppressor genes play
role in cancer induction. These genes encode many kinds of protein that help control
cell growth and proliferation. (23) Proto-oncogenes that mutated or abnormally
expressed are oncogenes. Oncogenes induce abnormal cell proliferation and tumor
development. Tumor suppressor genes normally act to inhibit cell proliferation and

tumor development. In many tumors, these genes are lost or inactivated, thereby
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removing negative regulators of cell proliferation and leading to the development of
tumor. (21,22)

DOC-1 gene, a tumor suppressor gene, is deleted in malignant oral keratinocytes.
(10) p12°°“! is encoded by DOC-1 gene. p12°°“" expressed in normal human
tissues. (10,11,14,34) Alteration of p12DOC'1 level in oral cancer was detected in many
experiments. (11,12,14,15) pl12°°“! also associated with DNA polymerase
o : primase (pol-a : primase), resulting in suppression of DNA replication and cell
poliferation. (17) Another interacting cellular partner of p12°°“" is CK2p which was
found by two-hybrid screening. (18)

DOC-1R (DOC-1 related) is a novel gene from chromosome 11ql13, which
encodes DOC-1R a protein of 126 amino acids that found to be biological interacting

protein of p12°°“, (19,20)

DOC-1 (Deleted in Oral Cancer-1) and associated proteins

Using a subtractive hybridization approach, DOC-1 (Deleted in Oral Cancer-1)
was identified. (10) DOC-1I is a tumor suppressor gene. It is a highly conserved
cellular gene that exhibits frequent loss of heterozygosity. The cDNA sequences from
human, mouse and hamster had been cloned and reported. (10,11,35) Human DOC-1
gene was mapped to chromosome 12q24. (11,35) Human DOC-1 cDNA is 1.6
kilobase pairs (kb) in length. It encodes a 115 amino acid polypeptide with a
molecular mass 12.4 kDa (pl 9.53), namely DOC-1 or p12°°“".

p12P°“! expressed in normal tissues including heart , brain, lung, liver, placenta,
skeletal muscle, kidney, pancreas, small intestine, prostate, testis, ovary and oral
mucosa. (11,14,16,35) Significant reduction of p12°°“" expression in malignant oral
keratinocytes of hamster models and oral cancer were reported. (10,14,15) Tumor
tissues and transformed cell lines had no expression of p12°°“!. (11,12) Moreover,
the DOC-I transfected HCPC-1 cells, hamster cheek pouch carcinoma cell line,
showed that DOC-1 induces apoptosis in malignant hamster oral keratinocytes. (13)

DOC-1
2

Ectopic expression of pl resulted in growth suppression, arresting cells in G1-

phase of the cell cycle, and suppression of DNA replication in culture cells. (12)
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2P9%! also associates with many proteins which control normal progression of

pl
the cell cycle. (12,17,18,20) pl12°°“" has been shown to mediate its growth
suppression property in the S-phase of the cell cycle. (12,36) The mechanism of

DOC-1 DOC-1
2 2 acts

action of p1 seems to be through its association with CDK2. (12) p1
on the biological pathway of CDK2 activation at or before its association with cyclins
A and E by specific association with monomeric nonphosphorylated form of CDK2.
Amino acids 109-111 are critical for the association between p12°°“" and CDK2.
(12)

p12P9“! also associates with DNA pol-o : primase. Using amino-terminal
deletion of p12°°“! mutants, it is suggested that the first six amino acids are
sufficient for DNA pol-a : primase interaction. (17) Using a cell-free SV40 DNA

replication system, pl12°°¢!

caused a dose-dependent suppression of DNA
replication. The effect is DNA pol-a : primase specific with maximun level of
suppression of ~ 49%. (17) Since CDK2-cyclin A and CDK2-cyclin E complexes are
known to phosphorylate DNA pol-o. : primase, the effect of ectopic p12P°¢!
expression on CDK2 kinase activity was evaluated. The inhibitory effect of p12°°¢"
for CDK2 associated DNA pol-a : primase activity is specific. (17) Association
between p12°°“" and CDK2 was found at the amino acid position 109-111. (12)
While, the six amino terminal amino acids are associated with DNA pol-a : primase.

Using CK2f as a bait in a two-hybrid library screening, DOC-1 (full length
cDNA) had been found to be an interacting cellular partner of CK2p. (18) Also p53,
tumor suppressor protein, had been shown to interact with CK2B and induce
apoptosis. (37) Therefore, interaction between p12°°“" and CK2p might be involved
in apoptosis and tumor suppression.

These results suggest that the p12°°“" mediates suppression of DNA replication
via suppression of CDK2-associated phosphorylation of DNA pol-o : primase.
Recently, DOC-1R has been found to interact with p12°°“" by yeast two-hybrid

screening. (19)
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Fig (2) The possible role of p12°°“" and DOC-1R binding complex in the cell
cycle. (38)

DOC-IR

DOC-IR is a novel gene from chromosome 11q13 which is homologous to the
DOC-1 gene. (20) (Fig 3) This protein is sharing an overall 57% identity with the
p12°°“! protein encoded by the DOC-1 gene. (20) This was designated as DOC-1R
for DOC-1 related. Resulting of fluorescent in situ hybridization (FISH) confirmed the
map location of DOC-IR locus in the cytogenetic region rich in cancer-related gene.
DOC-1R is expressed in normal human tissues including skeletal muscle, brain,
colon, thymus, spleen, small intestine, placenta, lung especially in heart, kidney and
liver. (20) Transfection of pEGFP-DOC-IR into human U20S osteosarcoma cells
resulted in a heterogenous distribution compared to control. This heterogenous
distribution might reflect protein trafficking process from cytoplasm to nucleus. (20)

Cloning and expression of the mouse doc-/R gene experiment suggests that doc-1R is
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a house keeping gene which is important to keep the function of tissues and organs.
(39) Using antisense doc-1R plasmid to investigate the effect of doc-1R on the growth
of the cell by transfection to NH2T3 cell lines has been shown that mouse doc-1R
significantly inhibits cell growth. (40) DOC-1R protein also has similar functional

features with p12°9¢!

in colony forming suppression and CDK2 association. (20)
Mutation screening of DOC-IR gene by RT-PCR-SSCP analysis showed the same
SSCP pattern in all cell lines examined compared to the normal controls. (20)

Using human p12°°“" as a bait in a line cDNA library screening, cDNA clones
were identified to human DOC-IR. (19) Transcription of DOC-1R was identified.
Yeast two-hybrid screening showed that p12°°“"' associated with DOC-1R. In
addition, the immunoprecipitation experiment and Western blotting analysis
confirmed that p12°°“! could interact with its homologous protein, DOC-1R. These
indicated that DOC-1R is a novel biological interacting protein of p12DOC'1. (19)

In yeast two-hybrid system, series of deletion mutants were used as baits to
verify the specificity of p12°°“" domain important for binding to DOC-1R. Amino
acids 15-25 of p12P°“" were defined as the critical region to interact with DOC-1R.
(19) The binding complex between p12°°“'and DOC-1R seems to interfere with the
activity of CDK2 at or before its association with cyclins E and A and also to suppress
DNA replication. (19) It is likely that p12°°“" and DOC-1R work in concert to exert
growth suppression activity. (19)

It has been shown that p12°°“!
G1 phase and DNA replication in S phase of the cell cycle. As p12°°“" and DOC-1R

is important in cell cycle control. It affects on

2P0 are the

work together in growth suppression activity, amino acids 20-25 of pl
minimal region for interaction with DOC-IR. (19) Amino acids 20-25 are glycine

(Gly), serine (Ser), valine (Val), histidine (His), Ser and proline (Pro) respectively.
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Fig (3) The predicted amino acid sequence of DOC-1R protein and its
alignment with the DOC-1 encoded p12°°“". (20)

Amino acids and protein binding sites

The ability of proteins to bind to one another is an important feature of variety of
biological processes. Amino acids are utilized in specific roles in the structure and
function of proteins. Many biological functions involve the formation of protein-
protein complexes. Physiological processes, such as signal transduction and the cell
cycle have been shown to involve with the protein-protein interfaces. General
information of biophysical properties of binding sites and utility of certain amino
acids for interaction may be given the basic aspect of the biological interaction of
proteins. Residues-residues contact preferences have been extensively studied. Many
experiments have been performed to study on amino acids preferences at protein
binding sites. (41-55) Typically 12-15 amino acids contribute to the core of
recognition site but hot spots are generally much fewer. (42) Hot spots are in general
buried residues that cluster at the center the recognition sites. (42)

An analysis of the amino acids distribution at protein binding sites found that
some residues, particularly arginine (Arg), His, tryptophan (Trp) and tyrosine (Tyr),
were substantially more frequent at the binding sites. (43) Three top ranking amino
acid residues, Trp, Tyr and Arg were enriched in hot spots of binding sites in many
studies. (44-46) These residues were more conserved at the interfaces than at other

locations. (47) However, many other amino acid residues were also detected in
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binding sites, including phenylalanine (Phe), methionine (Met), Ser, aspartic acid
(Asp), asparagine (Asn), isoleucine (Ile), Pro and lysine (Lys). (43,45,46,48) Leucine
(Leu), Met, Ser, threonine (Thr) and Val were found less than 3% in hot spots. (46)

The charge and polar amino acids were more closely related to protein-protein
interfaces than to their interior. (42,44,49) Alanine scanning mutagenesis is very
useful technique in understanding the principle of protein interaction. Various
experiments used this technique to analyze protein interaction. (51) It has been found
that specific conserved polar residues are studded at specific location, possibly
serving as every hot spots. (47) The crystal structure and x-ray structure experiments
showed that protein-protein interfaces are quite polar. (42,46,48-51,52) Several
conserved polar residues found significantly in binding sites. The correlation of polar
residues and number of contact residues are very strong. (46) Charged residues were
also found strongly at the protein interfaces. (49,51,52,53)

In addition, many studies also found hydrophobic residues at the protein binding
sites. (49,53) But polar residues and charged residues were found much more at the
hot spots. Most of hydrophobic residues were found at the rim of binding sites and
interior of protein more than at interface hot spots area. (42,44,49,51,52,54) And the
protein binding sites were consisted of hydrophilic residues more than protein in
interior of protein. (51) Some studies found that hydrophilic, polar residues (53) and
charged residues (55) were abundant in small interface. Interestingly, interface areas
are depleted in negatively charged groups relative to the rest of the protein surface,
but not in positively charged groups. (48) These findings give more weight to polar

and charged residues than to non-polar in interaction. (42,49,52,55)

The yeast two hybrid system

Yeast is a desirable organism to use in molecular cloning. It is readily and
rapidly propagated. It offers the advantage to genetic studies of vegetative growth in
both the haploid and the diploid states. (56) The yeast two-hybrid system is a novel
genetic system to study protein-protein interaction between two proteins. The GAL4

based used the properties of the GAL4 protein of the yeast Saccharomyces cerevisiae.
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(57) The principle is to use the two hybrid proteins contain parts of GAL4. A hybrid
consists of the DNA binding domain (DNA-BD) of the yeast transcriptional activator
protein GAL4 fused to the known protein, another hybrid consists of the GAL4
activation domain (AD) fused to protein sequences encoded by a library of genomic
DNA fragments. (57,58) Interaction between the hybrid proteins lead to
transcriptional activation of a reporter gene containing a binding site for GAL4. (Fig
4) Major advantage is the immediate availability of the cloned gene for interacting
protein. It is possible to detect the transient interactions, such as these occurring
during only a limited portion of the cell cycles. (58) Yeast Saccharomyces cerevisiae
was used to identify one gene interacts with other genes encoding interacting proteins.
(59) This activation can be monitored by the activation of a -galactosidase reporter
under the control of a GAL4 responsive promoter. To facilitate the application of the
dihybrid system, the endogenous GAL4 activator gene can be detected from the yeast
strain used in screening.

The yeast-based system has numerous advantages, including the ease of
transformation, the convenience of retrieving plasmids, and the ability of nutritional
marker and well characterized reporter genes for direct selection. (60) The two-hybrid
system is highly sensitive, and can detect interactions not revealed by other methods.
Transient interactions can trigger transcription to produce a stable mRNA that can be
repeatedly translated to yield a reporter protein. (60) This type of amplification leads
to a detectable signal even when the initiating interaction cannot be observed in vivo.
(60) The two-hybrid system has three major applications: testing known proteins for
interaction, defining domains or amino acids critical for an interaction, and screening
libraries for proteins that bind some target protein. (60) Once specific interacting
domains are identified, the two-hybrid array can be used to identify residues critical
for the interaction. (60) The yeast two-hybrid system was used to identify capable of
library random peptides fused to transcriptional activation domain that could bind to
the retinoblastoma protein (Rb). Mutagenesis of the DNA encoding two of these
peptides followed by screening in the two-hybrid system allowed the delineation of
residues that affected binding to Rb. (61) The two-hybrid array might also be capable

of identifying peptides that can inhibit specific protein-protein interactions: such
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peptides could be synthesized within cells to examine the phenotypic consequences.
61)

Yeast transformation system, using yeast two-hybrid plasmids, is highly
efficient. The plasmids are able to replicate and may be selected in and recovered
from both E.coli and Saccharomyces cerevisiae. (56) The yeast transformants
contained multiple plasmid copies which are recovered by transformation in E.coli.
Saccharomyces cerevisiae can be readily transformed by the hybrid plasmids. (56)
Many of the yeast expression vectors and cloning arrays are available for studying the
interaction of protein by the ectopic expression of genes or cDNAs at different levels
under the control of heterologous promoters. (62) The yeast two-hybrid screen and its
derivatives provide powerful techniques to identify and analyse protein interactions

that give valuable pointers to the function of protein. (63)

1. GAL4-based yeast two-hybrid system

The three major galactose metabolizing enzymes are products of the GAL7,
GALI0, GALI gene cluster have been purified in the Saccharomyces cerevisiae.
(64,65) GAL7 encodes galactose-1-phosphate uridylyl transferase, GAL/(0 encodes
uridine diphosphogalactose-4-epimerase and GAL! encodes galactokinase. The
inducibility of these enzyme activities is coordinately mediated by the action of a
positive regulatory gene, GAL4. (64) GAL4 protein is a positive regulator required for
galactose induction of Saccharomyces cerevisiae. (66) GAL upstream activation site
(UASg) is the specific promoter region that mediates galactose induction of
transcription of the GAL1, GALI10 genes by the product of the GAL4 regulatory gene,
GAL4 protein, in Saccharomyces cerevisiae. (66,67) The yeast transcriptional
regulatory protein GAL4 binds to UASg and stimulates transcription of the adjancent
GALI and GAL 10 gene. (67,68) In GAL4-based system, the DNA-BD and AD are
both obtained from the yeast GAL4 protein, amino acid 1-147 and 768-881,
respectively. (57,69) DNA-BD and AD vectors are used to generate fusion of these
domains to genes encoding proteins that potentially interact with each other. Either a
native GAL UAS or a synthetic UASq.;7mer cOnsensus sequence was shown in Fig 5.
(67) UASG.17mer 1s a high affinity for GAL4 protein and provides the binding for the
GAL4 DNA-BD (67,68)
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2. Yeast strain and reporter strains in the analysis of positive clones

The "mix and match " nature of yeast TATA boxes and UASs has been used to
great advantage in yeast two-hybrid systems to create novel promoters for the reporter
genes. In most cases, the LacZ, HIS3, ADE2 and LEU2 reporter genes are under
control of artificial promoter constructs comprised of a TATA and UAS sequence
derived from another gene. (70) In the yeast two-hybrid, host strains integrated
nutritional reporter genes provide a sensitive growth selection that can identify a
single positive transformant out of several candidate clones. PJ69-2A contains both
HIS3 and ADE? reporter genes. (71) (Fig 6)

The HIS3 reporter of PJ69-2A is tightly regulated by the GALI promoter. The
ADE? reporter of PJ69-2A is tightly regulated by the GAL2 promoter. MELI is an
endogenous GAL4 response gene found in some strains of Saccharomyces cerevisiae
(72) including PJ69-2A. (71) It encods a-galactosidase which can be assayed directly
on X-a-Gal indicator plates causing blue colonies. (71) The combined nutritional
selection of HIS3, ADE2 and MELI are used to identify protein that interact with
another protein. The positive interaction can eliminate false positives by using
expression of HIS3, ADE2 and MELI. (71) The UAS of PJ69-2A is regulated by
GAL4 sequence.

The two-hybrid vectors, pAS2-1 and pACT2, have been widely used.
(65,66,68,73) pAS2-1 contains the GAL4 DNA-BD of yeast transcription factor
(residue 1-147) and pACT2 contains the GAL4 DNA-AD (residues 768-881). (57)

If the bait protein that fused to the GAL4 DNA-BD can interact with another
protein that fused to the GAL4 DNA-AD, the reporter gene will be activated. And the
expected phenotype of yeast can be detected on the selective plates. On the other
hand, if the interaction cannot be taken place, the reporter genes will not be activated
and the expected phenotype of the yeast cannot be detected. Mutational studies with
pinpoint mutation at the amino acid residues of each partner are important for

understanding the protein-protein interaction. (59)
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Fig (4) Principle of GAL4-based yeast two-hybrid system (57)
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GALI1-bsl TAGAAGCCGCCGAGCGG
GALI-bs2  GACAGCCCTCCGAAGGA
GAL1-bs3 GACTCTCCTCCGTGCGT

GAL1l-bs4 CGCACTGCTCCGAACAA

GAL2-bsl CGGAAAGCTTCCTTCCG
GAL2-bs2 CGGCGGTCTTTCGTCCG

GAL2-bs3  CGGAGATATCTGCGCCG
GAL2-bs3 ~ CGGAGATATCTGCGCCG
GAL2-bs4  CGGGGCGGATCACTCCG
GAL2-bs5 CGGATCACTCCGAACCG

CGGCCATATGTCTTCCG

CGGAAGACTCTCCTCCG

Fig (5) Sequence of the GAL4-DNA-BD recognition sites in the GALI, GAL2, MEL1

UASs, and the UASG7.mer cOnsensus sequence. (66)
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GAL1 UAS GAL1 TATA HIS 3
GAL2 UAS GAL2 TATA ADE?2
MEL1 UAS MEL1 TATA MEL1

Fig (6) PJ69-2A Reporter genes
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CHAPTER III
MATERIALS AND METHODS

Materials

1. Yeast strain : Saccharomyces cerevisiae strain PJ69-2A.

2. Bacterial Strian : Escherichia coli XL1 blue competent cells.

3. Plasmids

3.1 pAS2-1 (CLONTECH) It is a GAL4 DNA-BD cloning vector.

3.2 pAS2-1-DOC-1 (Kindly provided by Professor D.T.W. Wong,
University of California, Los Angeles, California, USA) It is a GAL4 DNA-BD
cloning vector. It was used to generate human p12°°“" protein fused to the GAL4
DNA-BD (amino acids 1-147). It carries the CYHS2 gene for cycloheximide
sensitivity. The hybrid protein is expressed at high levels in yeast host cells from the
full-length ADHI (Papn1) promoter. The hybrid protein is targeted to the yeast
nucleus by nuclear localization sequences. pAS2-1 contains 7RPI gene for selection
in Trp- auxotrophic yeast strains.

3.3 pACT2 (CLONTECH) It is a GAL4 AD cloning vector.

3.4 pACT2-1-DOC-IR (Kindly provided by Professor D.T.W. Wong,
University of California, Los Angeles, California, USA) It is a GAL4 AD cloning
vector. It was used to generate a hybrid containing the GAL4 AD (amino acids 768-
881) fused to human DOC-1R protein. The hybrid protein is expressed at medium
levels in yeast host cells from an enhanced, truncated ADHI (Papni) promoter. The

hybrid protein is targeted to the nucleus by the SV40 T-antigen nuclear localization
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sequences. pACT2 contains LEU2 gene for selection in Leu- auxotrophic yeast

strains.

4. Primers

The oligonucleotide primers were obtained from Bioservice Unit (BSU),
Bangkok, Thailand.

4.1 Primers used for site-directed mutagenesis are listed in Table (1)

Table (1) Primers used for site-directed mutagenesis

Primer name Sequence*

Human DOC-1 MUT | 5'CCTCAACGCCGCTGGGGCTGTCCACTCGCCTTCC3'

No.289(+)

Human DOC-1 MUT | 5'GGAAGGCGAGTGGACAGCCCCAGCGGCGTTGAGG3'
No0.289 (-)

Human DOC-1 MUT | 5GCCGCTGGGAGTGTCGCATCGCCTTCCACCAG3'
No0.295(+)

Human DOC-1 MUT | S'CTGGTGGAAGGCGATGCGACACTCCCAGCGGC3'
No0.295(-)

Human DOC-1 MUT | 5'CTGGGAGTGTCCACGCGCCTTCCACCAGC3'
No0.298(+)

Human DOC-1 MUT | 5GCTGGTGGAAGGCGCGTGGACACTCCCAG3'
No0.298(-)

*Mutated nucleotides are indicated by underlines.

4.2 Primer used for DNA sequencing
The oligonucleotide primer, STCTTACAAACCGAACTTGG 3' was

used in automated DNA sequencing.
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5.1 QuickChange™ Site-directed Mutagenesis Kit (Stratagene)
5.2 Miniprep Kit (Qiagen)
5.3 Chemicals from Difco

5.3.1
532
533

Bacto™ Peptone
Bacto™ Tryptone

Bacto™ Agar

5.4 Chemicals from SIGMA

54.1
542
543
544
545
5.4.6
5.4.7
5438

CAPS buffer
Adenine
Aprotinin
DMSO

PEG

LiAc
Leupeptin

Benzamidine

5.5 Chemicals from CLONTECH

5.5.1
552
5§93
554
555
5.5.6
5.5.7

-Trp DO supplement

—Trp/-Leu DO supplement

TDO supplement

QDO supplement

X-o-Gal

PMSF

A mouse monoclonal anti-DNA-BD antibody

5.6 Chemicals from GIBCO

5.6.1
5.6.2
5.63
5.6.4

Hind 111 enzyme (10U/pl)
Ampicillin
1kb ladder marker

Salmon sperm (10mg/ml)

5.7 Agarose gel powder (SeaKem® BMA)
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5.8 Anti-mouse IgG , horseradish peroxidase linked whole antibody
(Armersham Biosciences)

59 A mouse monoclonal anti-GST DOC-1 (Dipig) antibody (Kindly
provided by Professor D.T.W. Wong, University of California, Los
Angeles, California, USA)

6. Instruments
6.1 Flasks
6.2 Culture plates
6.3 Water bath (Heto-Holten A/S)
6.4 Yeast incubator (RENOWN TECHNICAL Co., Ltd)
6.5 Shaking incubator (NEW RUNWICK SCIENTIC CO., INC)
6.6 GeneAmp PCR system 2400 (PERKIN ELMER, Norwalk CT.,)
6.7 Gel Doc analyzer (BIO-RAD)
6.8 Electrophoresis set (BIO RAD)
6.9 Spectophotometer (MILTON ROY)
6.10 Biohazard carbinet

7. Others
7.1 PVDF membrane (Millipore)
7.2 Kodak-Tri X 400 film (Kodak)

7.3 Hyperfilm™ (Armersham Biosciences)

Methods

1. Create site — specific mutagenesis in pAS2-1-DOC-1
DOC-1 gene cloned in pAS2-1-DOC-1 was mutated to change the interesting
amino acid. Three codons of DOC-I gene that encoded the interested amino acids

were mutated (Fig 7) by alanine scanning mutagenesis. Mutagenic oligonucleotide
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primers were used in the experiment (Table 1). First, nucleotides number 289 to 291
of DOC-1 gene were mutated by using Human DOC-1 MUT No. 289 (+) and Human
DOC-1 MUT No. 289 (-) oligonucleotide primers. The pAS2-1-DOC-1-Mut289
product expressed the mutated p12°°“" at amino acid position 21 from Ser to Ala.
Second, nucleotides number 295 to 297 of DOC-1 gene were mutated by using
Human DOC-1 MUT No. 295 (+) and Human DOC-1 MUT No. 295 (-)
oligonucleotide primers. The pAS2-1-DOC-1-Mut295 product expressed the mutated
p12P°“! at amino acid position 23 from His to Ala. Third, nucleotides number 298 to
300 of DOC-1 gene were mutated by using Human DOC-1 MUT No. 298 (+) and
Human DOC-1 No. 298 (-) oligonucleotide primers. The pAS2-1-DOC-1-Mut298

product expressed the mutated p12°°¢!

at amino acid position 24 from Ser to Ala.
(START)

5" ATG TCT TAC AAA CCG AAC TTG GCC GCG CAC ATG CCC GCC GCC
GCC CTC AAC GCC GCT GGG AGT GTC CAC TCG CCT TCC ACC AGC ATG

GCT GCA GCG
(289-291) (295-297)(298-300)

GCA ACG TCT TCA CAG TAC CGC CAG CTG CTC AGT GAC TAC GGG CCA
CCG TCC CTA GGC TAC ACC CAG GGA ACT GGG AAC AGC CAG GTG CccC
CAAAGC AAA TAC GCG GAC CTG CTG GCC ATC ATT GAA GAG CTG GGG
AAG GAG ATC AGA CCC ACG TAC GCA GGG AGC AAG AGT GCC ATG
GAG AGG CTG AAG CGC GGC ATC ATT CAC GCT AGA GGA CTG GTT CGG
GAG TGC TTG GCA GAA ACG GAA CGG AAT GCC AGA TCC TAG 3’ (END)

Fig (7) Nucleotides sequence and mutation positions of human DOC-1 gene.

Table (2) Temperature cycle used for site-directed mutagenesis

Cycles Temperature Time
1 95°C 30 sec
2-18 95°C 30 sec
55°C I min

68°C 19 min




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Oral Medicine) / 23

The QuickChange™ site-directed mutagenesis kit used to make switch these
amino acids. (74) Basic procedure utilizes a supercoiled, double-stranded DNA vector
with an insert of interest, pAS2-1-DOC-1, and two synthetic oligonucleotide primers
containing the desired mutation. (Fig 8) The oligonucleotide primers, each
complementary to opposite strands of pAS2-1-DOC-1 were extended during
temperature cycling by mean of Pfu Turbo DNA polymerase (Fig 8) (74) following
the temperature cycling (Table 2).

Step 1
Plasmid Preparation Gene in plosmid with

target site {@) for mutation

Step 2

Temperature Cycling Dengture the plasmid and anneal the

oliganucleotide primers (7] containing
the desired mutation ()

(& Mutagenic

” 2
primers

Using the nensirand-displacing
action of PfuTurbo DNA polymerase,
extend ond incorporate the
mutagenic primers resulling

in nicked circular sirands

Step 3
Digestion
Digest the methylated, normutated
O_ parental DNA ternplate with Dpn |
\__i o Mutgled plasmid
4 leontaies nicked
circular strands)
Step 4 ‘ Transform the circubar, nicked dsDNA
Transformelion into XL1-Blue supercompetent cells

After transformation, the XL1-Blue
supercompetent cells repeir the
nicks in the mutated plasmid

| LFGFND
| —_— Parental DNA plasmid
| I

4 Mulagenic primar

e Mulated DNA plosmid

Fig (8) Overview of QuickChange™ site-directed mutagenesis method. (74)
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2. Gel analysis of mutagen from site directed-mutagenesis

The product, from site directed-mutagenesis, contained parental DNA template
and desired mutation from extended oligonucleotides. These products including
pAS2-1-DOC-1-Mut289, pAS2-1-DOC-1-Mut295 and pAS2-1-DOC-1-Mut298 were
analyzed by agarose gel electrophoresis. (75) This method was used for separating
DNA molecules. DNA patterns were resolved by 1% agarose gel, prepared by
dissolving the agarose gel powder in TBE buffer (89 mM Tris-HCI, 89 mM boric
acid, 25 mM EDTA pH 8.0) containing with 2.5 pg / ml ethidium bromide solution.
Prior to load, the 10 pl of each DNA sample was mixed with gel loading dye (0.1%
Bromophenol blue). The diluted 1:20 of 1kb ladder marker and negative control were
loaded in gel for comparison. Electrophoresis was carried out at 80 volts. DNA
patterns were visualized by UV-light compared with marker to make sure that each
was the right vector and mutant. The right DNA pattern was photographed with
Kodak-Tri X 400 film or Gel Doc analyzer.

3. Parental DNA template digestion

The PCR product from site directed-mutagenesis was then treated individually
with 1 pl of Dpnl endonuclease for 1 hour. (74) Dpnl endonuclease is an enzyme
using to digest the parental DNA template in order to select for synthesized DNA
containing with desired mutation. (74) The nicked vector DNA incorporating the

desired mutations (Fig 8) was then used in the next step.

4. Transformation of desired mutations with yeast plasmid into chemically
competent Escherichia coli (76)

Each of nicked vector DNA incorporating the desired mutations was transformed
into E. coli for plasmid propagation.

A 50 pl of competent cells was transferred to a cold polypropylene tube which
was prechilled for 30 min, mixed with each desired plasmid DNA, and incubated at
4°C for 30 min. Cells were heat shocked for 45 sec in 42°C water bath and chilled on
ice for 2 min. After adding 950 pl of SOC medium (2% Bacto tryptone, 0.5% yeast
extract, 10 mM NaCl, 2.5 mM KCI, 10 mM MgCl,, 10 mM MgSO4, 20mM Glucose),

cells were grown at 37°C with shaking at 250 rpm for 1 hr. The transformants were
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transformed to 1.5 ml centrifuged tube and were collected by centrifugation at 1,500 x
g for 5 min. After pouring the supernatant, the pellets were resuspended in 100 pl of
SOC medium and plated on LB agar (with 100 pg/ml ampicillin ) for selection. The

plate was incubated at 37°C overnight.

5. Bacterial culture condition

A single bacterial colony from LB agar plate (with 100 pg/ml ampicillin) was
inoculated into 5 ml LB broth containing 100 pg/ml ampicillin. The cultered bacterial
cells were grown at 37°C with shaking at 250 rpm overnight for plasmid DNA
propagation. (77)

6. Plasmid purification.

Plasmid was purified by using the QIAGEN plasmid purification protocol. (77)
The cultured bacterial cells from previous step were harvested by centrifugation at
1,500 x g for 2 min and resuspensed in 250 ul of P1 buffer (100mg/ml Rnase A,
50 mM Tris-HCI, 10mM EDTA, pH 8.0).

The cells were lysed by adding 250 pl of P2 buffer (200nM NaOH, 1% w/v
SDS). The suspension was mixed gently and incubated at room temperature for 5 min.
Then 350 pul of N3 (neutralization) buffer was added and mixed gently. The
precipitated debris was removed by centrifugation at 10,000 x g for 10 min. The
supernatant was applied to the QIAprep column. The column was centrifuged at
10,000 x g for 1 min then washed by adding 750 pl of PE (wash) buffer and
centrifuged again for 1 min. The plasmid DNA was eluted from the column by adding
50 ul of sterile distilled water, allowing to stand for 1 min and centrifugation for 1

min.

7. Digestion of plasmid DNA by Restriction enzyme

The 10 pl of each purified plasmid from previous experiment was mixed with 1
pl of Hindlll, 7 pl of sterile distilled water and 2 pl of 10x reaction buffer No.2 then
incubated at 37°C for 1 hour. For comparison, pAS2-1-DOC-1 (500 pg/ml) was

treated with the same condition.
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Fig (9) Purified plasmid DNA with QTAGEN miniprep. (77)

8. Analysis of restriction enzyme digested DNA

Ten microlitres of each digested purified plasmids, 7 ul of digested
pAS2-1-DOC-1 (500 pg/ml) and 15 pl of dilution 1:20 of 1kb ladder marker were
analyzed by 1% agarose gel electrophoresis. The DNA patterns were photographed
with Kodak-TriX 400 film or Gel Doc. The digested pAS2-/-DOC-1-Mut289,
pAS2-1-DOC-1-Mut295 and pAS2-1-DOC-1-Mut298 compatible to digested
pAS2-1-DOC-1 were selected for DNA sequencing.
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9. DNA sequencing
The pAS2-1-DOC-1-Mut289, pAS2-1-DOC-1-Mut295 and pAS2-1-DOC-1-
Mut298 and the oligonucleotide sequencing primer were sent to Bioservice unit for

automated DNA sequencing.

10. Yeast culture condition for transformation of Saccharomyces cerevisiae
strain PJ69-2A (76)

Saccharomyces cerevisiae strain PJ69-2A was grown at 30°C in YPDA plate
(20 g/L peptone, 10 g/L yeast extract, 20 g/L agar, 0.003% w/v adenine hemisulfate,
2% w/v glucose, pH 5.8) for 5 days.

Several colonies of Saccharomyces cerevisiae strain PJ69-2A were grown in 50
ml YPDA (20 g/L peptone, 10 g/L yeast extract, 0.003% w/v adenine hemisulfate, 2%
w/v glucose, pH 5.8) at 30°C for 1618 hours with shaking at 250 rpm to stationary
phase (0.D.gp0 > 1.5).

11. Transformation of Saccharomyces cerevisiae strain PJ69-2A with small
scale lithium acetate procedure (76)

The culture from previous step, O.D.¢p0 > 1.5 was diluted to O.D.gp9 of 0.2. And
then grown for 3 hours until the cell reach O.D.¢p of 0.4-0.6. Yeast cells were
transferred to 25 ml centrifuged tubes. Cells were collected by centrifugation at 1,000
x g for 5 min at room temperature and washed with distilled water.

The cells were resuspended in 1.5 ml of 1X TE/IX LiAc (10 mM Tris-HCI, 1
mM EDTA, 100 mM lithium acetate, pH 7.5). Then, 0.3 pg of one (transformation) or
two (cotransformation) desired DNA plasmids and 0.1 mg of salmon sperm DNA
carrier DNA were added to 100 pl of the competent cells and mixed by vortex. Six
hundred millilitres of sterile PEG/LiAc solution (50% w/v polyethelene glycol, 10mM
Tris-HCI, 1 mM EDTA, 100 mM lithium acetate, pH 7.5) was then added and mixed
by vortex at high speed for 10 sec. The cells were incubated at 30°C for 30 min with
shaking at 200 rpm and then 70 pl of DMSO was added. The cells were heat shocked
for 15 min in 42°C water bath and chilled on ice for 2 min. The transformants were
collected by centrifugation at 10,000 x g for 5 sec and resuspended in 500 pl of sterile
1X TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 7.5). Then 100 pl of the
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transformation mixture was plated on an appropriate SD agar plate for selection of the
desired transformations. The plate was incubated at 30°C for 5-8 days.

Dropout (DO) solution is missing one or more of nutrients required by
transformed yeast to grow on SD medium. SD lacking tryptophan (SD/-Trp) was used
for selection pAS2-1-DOC-1-Mut289, pAS2-1-DOC-1-Mut295 and pAS2-1-DOC-I-
Mut298. For selection of diploids containing both pAS2-1 and pACT2-1, SD/-Leu/-
Trp was used. SD/-His/-Leu/-Trp (TDO) was used for selection of two-hybrid
interaction by expression of HIS3 reporter. SD/-Ade/-His/-Leu/-Trp (QDO) was used
for selection of two-hybrid interaction by expression of both the ADE2 and HIS3. X-
a-Gal (75) was included in the medium prior to pouring plates for detecting blue
colonies expressing MELI reporter gene from the GAL4-based two-hybrid protein

Interactions.

12. Preparation of yeast cultures for protein extraction (76)

A single isolated untransformed PJ69-2A yeast colony (1-2 min in diameter, no
older than 4 days) was grown in 10 ml of YPD media at 30°C overnight. A single
isolated transformation colony (1-2 mm in diameter, no older than 4 days) was grown
in 5 ml of SD/-Trp media at 30°C overnight. The transformations included with
pAS2-1, pAS2-1-DOC-1, pAS2-1-DOC-1-Mut289, pAS2-1-DOC-1-Mut295 and
pAS2-1-DOC-1-Mut298 were used in this study. The overnight culture was vortexed
for 1 min and diluted in 50 ml of YPDA. The culture was incubated at 30°C with
shaking at 250 rpm for about 6-8 hr until the O.D.¢op was 0.4-0.6. The culture volume
was multiplied with the O.D.g0 to obtain the total number of O.D.gp9 unit used in the
next step. The culture was then chilled quickly by pouring it into a prechilled 100-ml
centrifuge tube halfway filled with ice. The tube was then placed immediately in a
prechilled rotor at 4°C and centrifuged at 1000 x g for 5 min at 4°C. The supernatant
was poured off and the cell pellet was resuspended in 50 ml of ice-cold water (Any
unmelted ice pours off with the supernatant). The pellets were recovered by
centrifugation at 1,000 x g for 5 min at 4°C. The cell pellets were then immediately
frozen by placing the tube in liquid nitrogen. The cells were stored at -80°C until

used.
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13. Preparation of protein extraction : Urea / SDS method (76)

The complete cracking buffer was prepared by mixing 1 ml of cracking buffer
stock solution (8M urea, 5% w/v SDS, 40 mM Tris-HCI, pH 6.8, 0.1 mM EDTA, 0.4
mg/ml Bromophenol blue) with 10 pl of B-mercaptoethanol, 50 ul of 100 X PMSF
and 70 pl of protease inhibitor solution (0.003 mM MG132, 0.03 mM Leupeptin, 145
mM Benzamidine, 0.37 mg/ml Aprotinin). The buffer was then prewarmed to 60°C.
The cell pellets from previous experiment were quickly thawed by resuspending each
one in the prewarmed cracking buffer (100 pl of cracking buffer per 7.5 O.D.g00 units
of cells). The cell suspension was then transferred to a 1.5-ml-screw-cap
microcentrifuge tube containing 80 pl of glass beads (425-600 pum) per 7.5 O.D.g00
units of cells. The sample was heated at 70°C for 10 min and vortexed vigorously for
1 min. The debris and unbroken cells were pelleted by centrifugation at 10,000 x g for
5 min at 4°C. The supernatant was transferred to a fresh 1.5-ml-screw-cap tube and
kept on ice (first supernatant). The pellets were resuspended in 100 ul of cracking
buffer and vortexed vigorously for 1 min. The debris and unbroken cells were pelleted
again at 10,000 x g for 5 min at 4°C. The second supernatant was combined to the
first supernatant. The sample was incubated at 100°C for 10 min and analyzed by

12% SDS-PAGE and Western blotting.

14. SDS — polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE preparation was carried out by the methods of Mini-Protein II
electrophoresis (78) and the procedure of Laemmli. One ODggo of each proteins that
obtained from previous experiment except two ODggo of PJ69-2A with pAS2-1 was
loaded into gel. Seven microlitres of Kaleidoscope Prestained Standards were used to
compare. The electrophoresis was carried out in a descending direction in Tris-glycine
buffer (25 mM Tris-HCI, pH 8.3, 192 mM glycine, 0.1% SDS) at a constant 200 volts
until the bromophenol blue reached of the bottom edge of the gel. The protein patterns
were detected by Western blotting.

15. Western blotting analysis
This method was used to identify specific proteins resolved by SDS-PAGE. The

proteins from gel were transferred to a PVDF membrane. The proteins resolved in
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SDS-polyacrylamide gel was transferred to a PVDF membrane by a
Mini Trans-Blot® electrophoretic transfer (Bio-Rad) using CAPS buffer (2.2 g/l 3-
[Cyclohexylamino]-l-propanesulfonic acid, 10% (v/v) methanol, pH 11). The
electroblotting was carried out at a constant 100 volts for 1 hr.

Then the membrane was incubated with primary antibody, a mouse monoclonal
anti-DNA-BD (1:5,000 dilution) or a mouse monoclonal anti-GST DOC-1 (Dj2.13)
(1:2,000 dilution) antibodies. These antibodies specifically bound to the fusion
protein. The bound primary antibodies were then detected with secondary antibody,
anti mouse Ig linked with horseradish peroxidase (1:2,000 dilution) for

Chemiluminescent detection. (79)

16. Chemiluminescent detection (80)

The ECL Western blotting is a light emitting non-radioactive method for
detection of immobilized specific antigen. Each PVDF membrane from Western
blotting was blocked for non-specific binding of antiserum to the membrane by
immersing in 3% skim milk in 1X TBS-T (20 mM Tris-HCI1 pH 7.6, 137 mM NaCl,
0.1% v/v Tween-20) for 30 min. The membrane was then incubated in the same
buffer containing a mouse monoclonal anti-DNA-BD antibody (1:5,000 dilution), a
mouse monoclonal anti-GST DOC-1 antibody (Dj2.15) (1:2,000 dilution), at 4°C
overnight. After washing 4 times, 15 min each, with 1X TBS-T, the membrane was
subsequently incubated with the 1:2,000 dilution of secondary antibody, horseradish
peroxidase conjugated sheep anti-mouse Ig (1:20 dilution) for 45 min at room
temperature. The membrane was washed 4 times, 15 min each, with 1X TBS-T. The
excess buffer was drained from the washed membrane. A detection solution A and B
were mixed following the protocol. (80) Then the detection reagent was added to the
membrane and incubated at room temperature for 1 min. The membrane was wrapped

and exposed to HyperFilm Light film for 5 sec to 5 min.
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ELECTROTRANSFER

Incubate with
Ab, (Y) and then wash excess Ab,

(b) ANTIBODY DETECTION

Fig (10) Western blotting analysis. (79)

Copyright by Mahidol University
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CHAPTER 1V
RESULTS

1. Single amino acid mutation of plZDOC'1

pAS2-1-DOC-1 was mutated at nucleotide numbers 289-291, 295-297 or
298-300. They encoded for amino acid positions 21, 23 and 24, which Ser, His and
Ser, respectively. These amino acids were changed to alanine. QuickChange™ site-
directed mutagenesis kit was used to create these mutations by using specific
oligonucleotide primers and PCR technique.

The oligonucleotide primers Human DOC-1 MUT No.289 (+,-), Human DOC-1
No0.295 (+,-) and Human DOC-1 MUT No.298 (+,-) were used to mutate pAS2-1-
DOC-1 at nucleotides 289-291, 295-297 and 298-300. The products were pAS2-1-
DOC-1-Mut289, pAS2-1-DOC-1-Mut295 and pAS2-1-DOC-1-Mut298, respectively.

The PCR products, plasmid DNA size ~9.5 kb, were analyzed by 1% agarose gel
electophoresis compared with lkb marker and negative control. (Fig 11) Each
mutated PCR product was transformed into E. coli and selected on LB agar with
ampicillin plates. (Fig 12) Selected clones were grown for DNA purification by
Miniprep Kit. Digestion with HindlIIl allowed clones N0.289, 295 and 298 with DNA
fragments compatible to Hindlll digested pAS2-1-DOC-I plasmid to be selected.
(Fig 13) Automated DNA sequencing results comfirmed the mutations. (Fig 14-16)
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12,216

1,636

506

Fig (11) Ethidium bromide staining of 1.0% agarose gel analysis of PCR
products.

Lane 1: 1 kb DNA ladder marker

Lane 2: Negative control

Lane 3: pAS2-1-DOC-1-Mut289

Lane 4: pAS2-1-DOC-1-Mut295

Lane 5: pAS2-1-DOC-1-Mut298
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Fig (12) Representative clonies of E.coli transformed with pAS2-1-DOC-1-
Mut295 on LB ampicillin agar plate.
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12,216 sm—

1,636 me—

506

Fig (13) Ethidium bromide staining of 1.0% agarose gel analysis of purified
DNA.

Lane 1: 1 kb ladder marker

Lane 2: Undigested pAS2-1-DOC-1

Lane 3: Digested pAS2-1-DOC-1 with HindIIl

Lane 4: Undigested pAS2-1-DOC-1-Mut289

Lane 5: Digested pAS2-1-DOC-1-Mut289 with Hind11l
Lane 6: Undigested pAS2-1-DOC-1-Mut295

Lane 7: Digested pAS2-1-DOC-1-Mut295 with HindIIl
Lane 8: Undigested pAS2-1-DOC-1-Mut298

Lane 9: Digested pAS2-1-DOC-1-Mut.298 with HindIll

Copyright by Mahidol University
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(A)

GCCGCTHBGEGAH TGTCCA TOGCC TTCCACC.
30 40 50

(B)

TEGC GGC TGRCCATCGCC TTCCA
30 40

AN/ ,-""l ,/'\'- \A/ P’\ T
AV WYY YN XYV VY

Fig (14) Nucleotide sequence of pAS2-1-DOC-1-Mut289 before (A) and after
(B) mutagenesis.

(A) Partial nucleotide sequence of unmutated pAS2-1-DOC-1, black bar

represents nucleotides 289-291(AGT) encoding Ser position 21 of p12°%!

(B) Partial nucleotide sequence of mutated pAS2-1-DOC-1 , black bar

represents nucleotides 289-291(GCT) encoding Ala position 21 of p12°°!
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(A)

GCOGCTHBGGAH TGTCCA TOGCC TTCCACC.
30 40 50

(B)

AC TOTeweCaea T GCCTC
40 50 .

Fig (15) Nucleotide sequence of pAS2-1-DOC-1-Mut295 before (A) and after
(B) mutagenesis.
(A) Partial nucleotide sequence of unmutated pAS2-1-DOC-1, black bar
represents nucleotides 295-297(CAC) encoding His position 23 of p12°°!
(B) Partial nucleotide sequence of mutated pAS2-1-DOC-1, black bar
represents nucleotides 295-297(GCA) encoding Ala position 23 of p12°°“!
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(A)

GCCGCTHBGEGAH TGTCCA TOGCC TTCCACC.
30 40 50

GATC TCCACGCGCC T’ICCE—’EL;
30 40 5(

Fig (16) Nucleotide sequence of pAS2-1-DOC-1-Mut298 before (A) and after
(B) mutagenesis.
(A) Partial nucleotide sequence of unmutated pAS2-1-DOC-1, black bar
represents nucleotides 298-300(TCG) encoding Ser position 24 of p12°°!
(B) Partial nucleotide sequence of mutated pAS2-1-DOC-1, black bar
represents nucleotides 298-300(GCG) encoding Ala position 24 of p12°°!
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2P9C! mutants

2. Identification of expression of p1
The untransformed and transformed PJ69-2A were grown overnight at 30°C for
protein extraction. (Fig 17, 18, 19) The expression of GAL4 DNA-BD fused to

mutated p12°°¢"

mutants were detected after protein extraction by SDS-PAGE and
Western blotting using a mouse monoclonal anti-DNA-BD antibody. Proteins
extracted from PJ69-2A and PJ69-2A transformed with pAS2-1 were used as negative
controls. Protein extracted from  PJ69-2A transformed with pAS2-1-DOC-1 was
used as positive control. (Fig 20) The expression of mutated p12°°“" was also
detected by using a mouse monoclonal anti-GST DOC-1 antibody. (Fig 21) These
results showed that mutated p12°°“" could be expressed from PJ69-2A transformed

with pAS2-1-DOC-1-Mut289, pAS2-1-DOC-1-Mut295 and pAS2-1-DOC-1-Mut298.
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Fig (17) Colonies of yeast strain PJ69-2A on YPDA at 4 days for protein

extraction for negative control of Western blotting analysis.
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Fig (18) Colonies of transformed yeast strain PJ69-2A with pAS2-1-DOC-1 on
SD/-Trp at 4 days for protein extraction for positive control of Western blotting

analysis.
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Fig (19) Representative colonies of PJ69-2A transformed with pAS2-1-DOC-1-
Mut295 on SD/-Trp plate at 4 days for protein extraction for Western blotting

analysis.
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kDa

43.2

33

18

Fig (20) One ODgg unit of protein extract, except lane 2, 2 ODg( unit of protein

extract from untransformed and transformed PJ69-2A was analysed by Western

blotting analysis. Expression of GAL4 DNA-BD-plZDOC'1 fusion protein in

PJ69-2A detected by using a mouse monoclonal anti-DNA-BD antibody.

Lane 1: Untransformed PJ69-2A, no expression

Lane 2: PJ69-2A with pAS2-1 vector, expression of GAL4 DNA-BD (24kDa)

Lane 3: PJ69-2A with pAS2-1-DOC-1, expression of GAL4 DNA-BD-p12°°¢
(36kDa)

Lane 4: PJ69-2A with pAS2-1-DOC-1-Mut289, expression of GAL4 DNA-BD-
p12°°“! mutant (36kDa)

Lane 5: PJ69-2A with pAS2-1-DOC-1-Mut295, expression of GAL4 DNA-BD-
p12°°“! mutant (36kDa)

Lane 6: PJ69-2A with pAS2-1-DOC-1-Mut298, expression of GAL4 DNA-BD-
p12°°“! mutant (36kDa)

Copyright by Mahidol University
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kDa 1 2 3 + S 6
42 —

33 —

18 —

Fig (21) One ODgg unit of protein extract, except lane 2, 2 ODg( unit of protein
extract from untransformed and transformed PJ69-2A was analysed by Western
blotting analysis. Expression of p12°°“! protein in PJ69-2A detected by using a
mouse monoclonal anti-GST DOC-1 antibody.

Lane 1: Untransformed PJ69-2A, no expression

Lane 2: PJ69-2A with pAS2-1 vector, no expression

Lane 3: PJ69-2A with pAS2-1-DOC-1, expression of p12°°¢!

Lane 4: PJ69-2A with pAS2-1-DOC-1-Mut289, expression of mutated p12°°<"
Lane 5: PJ69-2A with pAS2-1-DOC-1-Mut295, expression of mutated p12°°¢"
Lane 6: PJ69-2A with pAS2-1-DOC-1-Mut298, expression of mutated p12°°"
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3. Yeast two-hybrid detecting the interaction between p12° ¢! and DOC-1R

The mutated pAS2-1-DOC-1 that obtained from the previous experiments were
used to verify the specificity of p12 "°“!*s amino acids residues in association with
DOC-1R. Binding between mutated pl12°°“' to DOC-1R was determined by
activation of the reporter genes. Three reporter genes including HIS3, ADE2 and
MELI are under control of three completely heterologous GAL4 responsive UAS and
promoter elements (GAL1, GAL2 and MELI1). Blue colonies growing on
SD/-Ade/-His/-Leu/-Trp containing X-a-Gal exhibit interaction between the two
hybrid proteins.

PJ69-2A transformed with pAS2-1-DOC-1-Mut289, pAS2-1-DOC-1-Mut295
or pAS2-1-DOC-1-Mut298 and with pACT2-DOC-IR individually to test for positive
interaction. PJ69-2A cotransformed with mutated pAS2-1-DOC-1 and pACT2 was
selected on SD/-Leu/-Trp plates to test that Trp and Leu could be expressed. (Fig 22)
SD/-His/-Leu/-Trp plates were used to confirm no autonomously activation HIS3
reporter gene by PJ69-2A cotransformed with mutated pAS2-1-DOC-1 and pACT?2.
(Fig 23) (Table3) PJ69-2A was cotransformed with mutated pAS2-/-DOC-] and
pACT2-DOC-IR to detect for activation of HIS3 and ADE? reporter genes on SD/-
His/-Ade/-Leu/-Trp. Their blue colonies were blue on SD/-Ade/-His/-Leu/-Trp
containing X-0-Gal as shown in Fig 24. While PJ69-2A transformed with mutated
pAS2-1-DOC-1 and PJ69-2A cotransformed with mutated pAS2-1-DOC-I1 and
pACT2 could not be detected on SD/-His/-Leu/-Trp and SD/-His/-Ade/-Leu/-Trp
plates. (Fig 24) (Table 4)

From the cotransformation experiment, we found that each mutated p12°°¢!
could interact with DOC-IR. These results indicated that single amino acid mutation

2DOC- 1

of pl cannot interfere the interaction between p12°°“"! and DOC-IR.
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Table (3) Cotransformation procedures to test the negative or positive

interaction .
Procedure Plasmid 1 Plasmid 2 Expressed phenotype on
SD/-His/-Leu/-Trp plate
1 pAS2-1-DOC-1- pACT2 No growth
Mut289
2 pAS2-1-DOC-1- pACT2 No growth
Mut295
3 pAS2-1-DOC-1- pACT2 No growth
Mut298
4 pAS2-1-DOC-1- pACT2-DOC-IR White colonies
Mut289
5 pAS2-1-DOC-1- pACT2-DOC-IR White colonies
Mut295
6 pAS2-1-DOC-1- pACT2-DOC-IR White colonies
Mut298
7 pAS2-1-DOC-1 pACT2-DOC-IR White colonies
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Table (4) Cotransformation procedures to test for positive interaction.

Procedure Plasmid 1 Plasmid 2 Expressed phenotype for a
true positive on QDO with
X-a-Gal
1 pAS2-1-DOC-1- - No growth
Mut289
2 pAS2-1-DOC-1- - No growth
Mut295
3 pAS2-1-DOC-1- - No growth
Mut298
4 pAS2-1-DOC-1- pACT2 No growth
Mut289
5 pAS2-1-DOC-1- pACT2 No growth
Mut295
6 pAS2-1-DOC-1- pACT2-DOC-IR No growth
Mut298
7 pAS2-1-DOC-1- pACT2-DOC-IR Blue colonies
Mut289
8 pAS2-1-DOC-1- pACT2-DOC-IR Blue colonies
Mut295
9 pAS2-1-DOC-1- pACT2-DOC-IR Blue colonies
Mut298
10 pAS2-1-DOC-1 pACT2-DOC-IR Blue colonies
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Fig (22) Representative colonies of PJ69-2A cotransformed with pAS2-1-DOC-1-
Mut295 and pACT2-DOC-IR on SD/-Leu/-Trp plate selecting for both pAS2-1
and pACT2 plasmid.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Oral Medicine) / 49

Fig (23) PJ69-2A cotransformed with pAS2-1-DOC-1-Mut295 and pACT2 could
not grow (A) compared with representative colonies of PJ69-2A cotransformed
with pAS2-1-DOC-1-Mut295 and pACT2-DOC-IR could grow (B) on QDO
plate.
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Fig (24) Blue colonies at all mutated pAS2-1-DOC-1 on QDO with X-a-Gal

compared with positive control of pAS2-1-DOC-1.

(1) No growth of PJ69-2A transformed with pAS2-1-DOC-1.

(2) No growth of PJ69-2A cotransformed with mutated pAS2-1-DOC-1 and
pACT2.

(3) Blue colonies of PJ69-2A cotransformed with pAS2-1-DOC-1 and pACT2-
DOC-IR as positive control.

(4) Blue colonies of PJ69-2Acotransformed with pAS2-1-DOC-1-Mut289 and
pACT2-DOC-IR.

(5) Blue colonies of PJ69-2A cotransformed with pAS2-1-DOC-1-Mut295 and
pACT2-DOC-IR.

(6) Blue colonies of PJ69-2A cotransformed with pAS2-1-DOC-1-Mut298 and
pACT2-DOC-IR
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CHAPTER V
DISCUSSION

2PO! agsociates with many proteins which control the normal progression of

pl
the cell cycle. (12,17-20) CDK2 has been reported to associate with p12°°“" at amino
acids 109-111. (12) While, p12°°“! associates with DNA pol-o:primase at amino
acids 1-6. (20) p12°°“" has been shown to mediate suppression of DNA replication
affects via either direct inhibitory effect on pol-a:primase or by its effect on CDK2.
(6) Recently, it has been reported that p12°°“! interacts with DOC-1R. Mouse doc-
IR has also been reported that it can inhibit cell growth which is likely in human. (40)
So it is possible that they work together in growth suppression. Using a series of
deletion mutants as a bait in the yeast two-hybrid system, it was found that p12°°¢"!
interacted with DOC-1R at amino acids position 20-25. (20) In this study, critical
amino acid of p12°°“! for interaction with DOC-1R was identified. Single amino

DOC-1
2OC

acid mutations of pl were created to detect the interaction in the yeast two-

hybrid system. These mutants were mutated p12°°¢"

at amino acid position 21 from
Ser to Ala, position 23 from His to Ala and position 24 from Ser to Ala. With
cotransformation technique, these mutants could not interfere the interaction between
p12°°“!and DOC-IR in yeast.

Single amino acid mutagenesis has been used to detect the key amino acid for
interaction, binding affinity, or activity in many studies. (81-97) Vpr is a virion-
associated regulatory protein which encoded from human deficiency virus type 1
(HIV-1). Vpr incorporates with p6, the domain of the HIV-1, to direct the Vpr
complex into chimeric viral particle. Individually changed amino acid of p6 by
alanine-scanning analysis interfere the incorporation of Vpr and p6. (81) Single amino
acid muatagenesis to Ala and Phe was used in the detection of the critical residues of

T-cell factor (Tcf) 4 for binding to B-catenin (82) and of granulocyte-colony-
stimulating factor receptor (G-CSF-R) for associating with G-CSF (83), respectively.
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Most of these studies showed that single critical amino acid change resulted in
loss of binding activity and interaction. (82-92)

In this study, the yeast two-hybrid system was used to detect the interaction of
each mutated p12°°“" with DOC-1R. The yeast two-hybrid is widely used to detect
the interaction between two proteins. (18,19) This system is used to find protein of
interest. By using CK2p as a bait, DOC-1 was found to be an interacting cellular
partner. (18) Peptides capable of binding to the Rb could be identified by screening a
library in the yeast two-hybrid system. (61) In addition, this system used to detect
interaction of mutated protein with another protein. Amino acids which are the
minimal region of p12°°“ for interaction with DOC-1R were identified by deletion
mutations in the yeast two-hybrid system. (20) Residues of the peptides that affected
binding to Rb were detected by mutagenesis of the DNA encoding these peptides in
the yeast two-hybrid system. (61)

Single Ala mutations of p12°°" at amino acid position 21, 23 and 24 which are
Ser, His and Ser, respectively could interact with DOC-1R. These single amino acids
were not the critical amino acid of p12°°“" for interaction with DOC-1R in yeast and
likely in cell. The result of the yeast two-hybrid system should be comfirmed with
other methods, such as in vitro association assay using glutathione S tranferase (GST)
fused to protein or cellular binding assay with transfection. (12,19) The critical amino
acid for this interaction might be more than single amino acid. Some previous studies
have been used double (82,83,93) amino acid mutations to identify the critical amino

acid for protein interaction. Also, mutagenesis in set of three amino acid of p12°°“!

DOC-1
2OC

was analyzed to determined the region of pl critical for interaction with CDK2.

2P9! that are specific for interaction between

(12) Thus the critical amino acid of p1
p12°°“! and DOC-IR should be further studied. The results will provide basic

information of the cell cycle control protein.
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CHAPTER VI
CONCLUSION

1. Plasmid DNA, pAS2-1-DOC-1 expressing DNA-BD fused to p12°°“" was
mutated seperately at nucleotides number 289-291, 295-297 or 298-300
resulting in pAS2-1-DOC-1-Mut289, pAS2-1-DOC-1-Mut295 and pAS2-1-
DOC-1-Mut298, respectively. Each mutated plasmid DNA expressed the
mutated DNA-BD fused to p12°°“" in transformed yeast strain PJ69-2A. All
fusion proteins were detected by SDS-PAGE and Western blotting using a
mouse monoclonal anti-DNA-BD and a mouse monoclonal anti-GST DOC-1
antibodies.

2. The yeast two-hybrid system was used to verify all mutations for interaction
with DOC-1R. pAS2-1-DOC-1-Mut289 encoded for mutated p12°°“" at
amino acid position 21 from Ser to Ala. pAS2-1-DOC-1-Mut295 encoded for
mutated p12°°“" at amino acid position 23 from His to Ala. And, pAS2-1-
DOC-1-Mut298 encoded for mutated p12°°“" at amino acid position 24
from Ser to Ala. Using cotransformation method, it has been found that each
mutated p12°°“" could interact with DOC-1R in yeast. The interactions
could be detected as blue colonies growing on QDO with X-a-Gal plates.

3. Single amino acid mutation at position 21, 23 or 24 which is Ser, His or Ser,
respectively could not interfere the interaction between pl2°°“' and

DOC-1R.
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Appendix 1. DNA-BD cloning vector, pAS2-1 (19)
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Appendix 2. DNA-BD cloning vector with DOC-1 gene,
pAS2-1-DOC-1. (19)
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Appendix 3. AD cloning vector, pACT2. (19)
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Appendix 4. AD cloning vector with DOC-IR gene,
pACT2-DOC-IR. (19)
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