
UNIVERSITY Of HAWAii L.".-v-u<e( 

CHARACfERIZATION OF THE ACYL-COA BINDING DOMAIN 

CONTAINING 3 PROTEIN 

A THESIS SUBMITIED TO THE GRADUATE DMSION OF THE 

UNIVERSITY OF HAWAII IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE DEGREE OF 

MASTER OF SCmNCE 

IN 

MICROBIOLOGY 

MAY 2006 

By 

ZengqiuLi 

Thesis Committee: 

Helen Turner, Chairperson 

Paul Patek 

ThngHoang 



We certify that we have read this thesis and that, in our opinion, it is satisfactory in 

scope and quality as a thesis for the degree of Master of Science in Microbiology_ 

HAWN 
Qlll 
.H3 

no. 4062 

--
II 

THESIS COMMITTEE 

-

Chairperson 



ACKNOWLEDGEMENTS 

I would like to thank the following people for their valuable contributions to this project: 

My parents for their support of my overseas life. 

Dr. Michael Dunn for helping me get to the University of Hawaii and as a result 

into Dr. Helen Turner's lab. 

Dr. Alexander Stokes for sharing his knowledge and enthusiastic technical 

assistance. 

Mr. Clay Wakano, Dr. Kimberly Del Carmen, Mrs. Lori Shimada, and Mrs. 

Linden Doescher for sharing their knowledge and their time. 

The other members of The Queen's Center for Biomedical Research for their 

generous help. 

The members of my thesis committee, Dr. Paul Patek and Dr. Tung Hoang, for 

their time and flexibility. 

Special and the greatest thanks go to Dr. Helen Turner. Without her guidance and patience, I 

would never have been able to have this project done. 

2 



TABLE OF CONTENTS 

ACKN'OWLEDGEMENTS ............................................................................. 2 

TABLE OF CONTENTS ...............................................•...•.•...•.•..•.................. 3 

LIST OF ABBREVIATIONS .................................................................................................. 6 

LIST OF FIGURES ..................................................................................................................... 8 

ABSTRACT ..........................................•........•..•..•..•.....•..•........•...................... 9 

CHAPTER 1 ...............................•..•..•........................................................•... 10 

INTRODUCTION 

1.1 ThePKAsignalingpa!hway ...........................................................................•.................................. 10 

1.2 Signal transduction and protein-protein intemctions ofthe PKA enzyme .......................•.............. II 

1.3 A Kinase Anchoring Protein (AKAP) and their regulation ofPKA .............................•..••..••.•..••.•.. II 

1.4 ACBD3 and irs intemction with PKA and ion channels, including the TRPVs. ............................. 13 

1.4.1 Structural and sequence properties of ACBD3 .......•••.•..•.••.•••••.••••••........................ 14 

1.5 Usc of His-tagged fusion proteins in the biochemical study of protein-protein intemctions ......... 16 

1.6 Hypothesis and goaIs. ........................................................................................................................ 18 

CHAPTER 2 .................................................•.....•.......................................... 10 

Methods and MaIi!rloJs 

2.1 PCR. .................................................................................................................................................... 20 

2.2GeI electrophoresis of DNA. ....................................................................................................••......•• 21 

2.3 LigatiOlL .............................................................................................................................................. 21 

2.4 Transformation ................................................................................................................................... 22 

2.5 Screening of constructs for presence of insert. ................................................................................. 22 

3 



2.6 Maxi scale preparation of eDNA. ...................................................................................................... 23 

2.7 Site·Directed Mutagenesis. ..................................................•.......•..................................................... 23 

2.7.1 Mutant sband synthesis PCR. ..................................................•...............•...•.•...•..... 23 

2.7.2 Dpn I digestion of panmtal(nonmutated) supercoiled dsDNA. •.•.••....•••••••••.••••.•... 24 

2.7.3 Transformation ofDHSa competent celIs. .....••••••••••••••••.••••••...••..••.......•................ 24 

2.8 Sequencing ......................................................................................................................................... 24 

2.9 Expression and induction oCHis-tagged ACBD3 fusion protein. .................................................... 25 

2.10 Pmiflcation ofHis-ACBD3 by affinity ehromatogmpby ........................................................••..... 25 

2.10.1 Lysate preparation .................................................................................................. 25 

2.1 0.2 Pmiflcation of the His-tagged ACBD3 fusion protein. •••.•••••••.••••.••••••..•.....••••.••.• 26 

2.10.3 Dialysis to remove lmldazole contaminant in the eluted sample .•••••••••••••••••...•••• 26 

2.11 Recoupling the His-tagged ACBD3 fusion protein to the agarose beads ...................................... 27 

2.12 Sodium dodecyl sulphate-pol)'8C1Y1amide gel electrophoresis(SDS-PAGE) ................................ 27 

2.13 Coomassie blue staining. .••..••••••..................•....................•....•.....•.........••..••••••••.••.••.•••••••••••.••••••••.•. 27 

2.14 Electro-transfer and Western blot ................................................................................................... 27 

2.15 Antibodies ......••.•.•.•...•...........••..........................•.•••.•••..•.••.........•••...•..•.•............................................ 28 

2.16 In vUro PKA binding 1ISS8)' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 28 

CHAPTER 3 .................................................................................................. 31 

Subcioning, expression, and induction of ACBD3 

3.1 Goal ..••..••••••••..•••••.•••••••••••••......••.•••••••••••••••••.•••••...•••••••••••••••••••••••.•••••••••••.••••••••••••••••••••••.•••••••.•••••••..••. 31 

3.2 Results ....••.•...•••••.•..••..•.•...•......•••••..•••.•••••.•...•.....•................................................................................ 32 

3.2.1 Subcloning of ACBD3 eDNA into pTn:HisB vector ...........................•..•.•............. 32 

3.2.2 Site-directed mutagenesis of ACBD3-pTn:HisB constrw:t. ................................... 35 

3.2.3 Expression and induction ofHis-taggedACBD3 fusion protein. .......................... 37 

3.3 Dlscussion. ....•.......•......•.•••.••••..•........................••••..•........••............................•...•...........••.•.....•.•......... 38 

4 



CHAPTER 4 .................................................................................................. 40 

Purlflcation of His-tagged ACBD3 

4.1 Goal ..................................................................................................................................................... 40 

4.2 ResuIts.. ............................................................................................................................................... 41 

4.2.1 Purification of His-tagged ACBD3 by IMAC ........................................................ 41 

4.2.2 Recoupling of purified protein to beeds. ................................................................. 42 

4.3 Discussion. .......................................................................................................................................... 43 

4.3.1 Degradation of the protein in the E.eall expression system. .................................. 43 

4.3.2 Insolubility of the expressed fusion protein ............................................................ 44 

CHAPTER 5 ........................................•....•..•................................................. 46 

Structure-function tlIUllysis of the ACBD3 protein 

5.1 Goal ..................................................................................................................................................... 46 

5.2 Results. ................................................................................................................................................ 46 

5.2.1 Validation of His-ACBD3 fusion protein via in vitro PKA binding assay ............ 46 

5.2.2 Extensive protein expression pattern of ACBD3 .................................................... 48 

5.3 Discussion. .......................................................................................................................................... 49 

CHAPTER 6 .................................................................................................... 51 

General Discussion 

6.1 Ovemll SUIIIlIIlIl)' of the project. ........................................................................................................ 51 

6.2 Future eXJlCI hnents using purified His-ACBD3 ............................................................................... 5 I 

Reference ...•.....•...•.........................................................................•..•..••.••.••... S3 

5 



LIST OF ABBREVIATIONS 

Amp: 

AKAP: 

Bp: 

cDNA: 

CIP: 

CNS: 
DNA: 

dsDNA: 

E. coli: 

ECL: 

EDTA: 

g: 

GST: 

HEPES: 

IMAC: 

IPTG: 

kDa: 

LB: 

min: 

MOPS: 

mRNA: 

PAGE: 

PBS: 

PCR: 

PKA: 

PKC: 

PKD: 

PKG: 

ampicillin 

A kinase anchoring protein 

base pair 

complementary DNA 

calf intestinal phosphatase 

central nervous system 

deoxyribonucleic acid 

double strand DNA 

Escherichia coli 

enhanced chemi-luminescence 

ethylenediamine tetra-acetic acid 

gravity = rcf (relative centrifugal force) 

glutathione-S-transferase 

N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid 

immunobilized metal affinity chromatography 

isopropyl-2-D-thiogalactopyranoside 

kiloDaiton 

Luria-Bertani 

minute 

4-Morpholinepropanesulphonic acid 

messenger RNA 

polyacrylamide gel electrophoresis 

phosphate-buffered saline 

polymerase chain reaction 

protein kinase A 

protein kinase C 

protein kinase D 

protein kinase G 
6 



PKN: 

RE: 

rpm: 

RNA: 

RT-PCR: 

SDS: 

TAE: 

Tris: 

TRPVI: 

TRPV2: 

VR-I: 

v/v: 

WB: 

v/v: 

w/w: 

Y2H: 

protein Kinase N 

Restriction endonuclease, restriction enzyme 

rotations per minute 

ribonucleic acid 

reverse transcription polymerase chain reaction 

sodium dodecyl sulphate 

trislacetatelEDTA buffer 

tris(hydroxymethyl)amino-methane 

transient receptor potential cation channel, subfamily V, member 1 

transient receptor potential cation channel, subfamily V, member 2 

Vanilloid Receptor-l 

volume/volume 

WestemBlot 

weight/volume 

weight/weight 

Yeast two-hybrid 

7 



LIST OF FIGURES 

Figure 1.3.1 

Figure 2.1.1 

Figure 3.2.1 

Figure 3.2.2 

Figure 3.2.3 

Figure 3.2.4 

Figure 3.2.5 

Figure 3.2.6 

Figure 3.2.7 

Figure 4.2.1 

Figure 4.2.2 

Figure 5.2.1 

Figure 5.2.2 

Schematics of AKAP-PKA compleL 

Sequence and schematic of PCR primers for ACB03. 

pTrCHisB vector map. 

Subcloning strategy for ACB03 insertion into pTrcHisB. 

PCR product of ACB03. 

Restriction enzyme digestion of pTrcHisB vector. 

Restriction enzyme digestion of ACB03-pTrcHisB constructs. 

Schematic of site-directed mutagenesis. 

Expression and induction of ACB03 in BL21 E.coU strain. 

Purification of His-tagged ACB03 fusion protein. 

Recoupling of His-tagged ACB03 to Ni1+ coupled beads. 

In vitro PKA binding assay of ACB03. 

Expression profile of ACB03. 

8 



ABSTRACT 

The cAMP dependent protein kinase, PKA, is of great importance for cells to transduce 

extra- and intra-cellular signals. Recent studies have found that signal transduction through 

PKA is coordinated by a group of scaffold proteins caned A-Kinase Anchoring Proteins. 

These AKAPs, together with PKA and its substrates, form a dynamic assembly that tightly 

controls the location and timing of signal transduction events, which in turn regulates 

various cellular activities including ion channel modulation, cell growth, cell differentiation 

and cytokinesis. Previous research in Dr. Turner's lab has found that TRPY ion channels 

recruit PKA through Acyl-CoA Binding Domain containing 3 protein (ACBD3) to transduce 

physiological stimuli in mast cells and sensory neurons. Other studies have indicated a 

similar role for ACBD3 during PKA-mediated steroid formation. Hence, we hypothesize 

that ACBD3 may function as an AKAP recruiting PKA to multiple novel targets, in addition 

to ion channels such as the TRPYs. The project presented in this paper aimed at production 

of purified ACBD3 protein, for use as an affinity matrix to purify novel targets of ACBD3. 

The human ACBD3 cDNA was subcloned into the pTrcHisB vector with a conferred epitope 

tag comprising six sequential Histidine residues. Then the construct was transformed into 

the BL21 E.coli strain to express the protein in an inducible manner. Finally, we used 

Immunobilized Metal Affinity Chromatography (IMAC) technique to purify the fusion 

protein. With the purified protein, we confirmed the strong PKA binding ability of ACBD3, 

which is consistent with our hypothesis. We also demonstrated a wide expression profile of 

ACBD3 in different tissues, suggesting that ACBD3 is likely to function outside the CNS 

and hence is likely to interact with proteins other than TRPY s. 
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Chapter 1 

Introduction 

1.1. The PKA signaling pathway. 

The cAMP dependent kinase A (PKA) pathway is a ubiquitous signaling pathway in 

eukaryotic cells. It regulates a great variety of cellular activities [1, 2]. Critical roles of PKA 

in signal transduction processes are illustrated by the diversity of its substrates. Hundreds of 

PKA substrates so far have been found. These substrates are involved in a wide range of 

cellular functions, and include ion channels. transcription factors and cytoskeleta1 proteins 

[3-5]. 

The signaling transduction pathway that activates PKA starts from G Protein Coupled 

Receptors (GPCR) in response to hormone, growth factor, or neurontransmitters. These 

extra-cellular ligands bind to GPCRs in the plasma membrane causing generation of cAMP 

by adenylyl cyclases, which are under the regulation of heterotrimeric G proteins. The 

signaling system downstream of adenylyl cyclases employ PKA, in most cases, and other 

protein kinases that respoused to change in cAMP concentration [6]. 

PKA is a heterotetramer, with two Regulatory (R) and two Catalytic (C) subunits. There 

are two isotypes of PKA due to the expression of isoforms of the R subunit, Rl and Rll. In 

the inactive state, R units bind to C units of PKA. Once an elevation in cAMP levels is 

generated, cAMP molecules occupy their binding sites on the R units leading to a 
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conformational change in the R units. This causes the C subunits to be released from the 

inactive PKA assembly [I]. Without the inhibitory presence of the R subunits, the C subunits 

are catalytically active. Active PKA are then able to phosphorylate serine and threonine 

residues on their specific substrates using the catalytically active C subunits [7]. 

1.2 Signal transduction and protein-protein interactions of the PKA 

enzyme. 

For cells to differentiate or to divide, to attach or to move, to survive or to die, these 

decisions must be accurate and well coordinated in space and in time. The action that a cell 

needs to take is dictated both by factors external to the cell and by internal signals. Signal 

transduction pathways represent the mechanisms by which cells carry out these decisions. 

Protein-protein interactions are the key elements of the signaling machinery. 

Since the completion of the human genome sequence, the number of recognized 

signaling proteins has greatly increased and the models of these pathways are highly 

complicated. Although many signaling pathways seem complex when viewed as a whole, at 

a closer sight these pathways often can be described in terms of series of simple interactions 

of one protein with another [8]. Indeed, these interactions are so fundamental that they form 

the basis of all signal transduction mechanisms. Therefore, focusing on protein-protein 

interactions is one of the basic routes to study signal transduction events [7, 9]. 

1.3 A Kinase Anchoring Proteins (AKAP) and their regulation of PKA. 

Numerous studies have found that local cellular signaling events are largely due to 

protein-protein interactions that form macromolecular complexes. Scaffolds, adapters, and 
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inhibitors often form the basic protein framework of signaling transduction events [10]. For 

example, it is these complexes that achieve temporal and spacial targeting of signaling 

proteins. 

Central to these signaling complexes are thought to be scaffold proteins, of which the 

AKAPs are well studied examples. For example, AKAPs are scaffold proteins that recruit 

PKA to its substrates [11-13]. It is notable that the family of AKAPs is classified by their 

functional similarity of being able to bind to PKA. AKAP family members thereby share 

few common structural properties [14]. The first identified AKAP was microtubule 

associated protein 2 (MAP2) because it was co-purified with PKARII subunits [15]. 

It is now clear that most of AKAPs bind to the PKA RII subunit, whereas a few of them 

exhibit dual specificity, binding to both RI and RII [16-20]. AKAPs are also able to bind to 

PKC. PKD. the Rho-activated kinase PKN protein, phosphatases and other downstream 

targets and this indicates a wide range of binding specificity for these scaffold proteins [11, 

21]. Binding to both kinases and protein phosphatases provides one of the AKAPs most 

valuable features: precise regulation of the phosphorylation status of substrates, with 

bidirectional control of phosphate transfer. 

AKAPs can bind to the PKA R subunit after SDS-PAGE and electrotransfer to 

nitrocellulose membranes. Although AKAPs are unlikely to share primary sequence 

homology, the R subunit binding domains contain a conserved motif, which is an 

amphipathic helix structure [17, 18, 22]. Peptides generated from this structure of Human 

Thyroid AKAP (HT31) specifically disrupts the interaction between R subunit of PKA and 

AKAP. Thereby, the HT31 anchoring inhibitor has been widely used to characterize the 
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functional role of PKA anchoring in intact cell s. 

cAMP billding site 
.--; 

cAMP binding ite 

R R 

PKA 

Figure 13.1: Schematic s of the AKAP -PKA complex. PKII, phosphorylation on target 
proteins is regulated by AKI\P. In order to provide sp<f:ial and temporal control of the 
phosphorylation of tirget proteins . the AKI\P is required to bind to both target proteins and 
PKII, R subunits . PKA C subunits are binding to R subunits in the resting state. \Vl1al 
cA.\'lP binding occurs, C subunits detach from R subunits. mo,," to t"'get proteins and 
transfer phosphate to than . 

1.4 ACBD3 and its interaction with PKA and ion channels, including the 

TRPVs. 

Acyl Co·A Binding Domain containing 3 (ACBD3) is a 528 amino acid protein lhat was 

previously known as "Peripheral-type benzodiazepine receptor and PKA Associated 

Protein7" (PAP7) [23, 24). By compari son with AKAP, the function of ACBD3 in 

transducing the cAMP signal is similar to tbat of human AKAPs in various signaling 

pathways [25). The fact that ACBD3 was isolated using PKA-Rl as bait from human 
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lymphocyte library in a yeast two hybrid experiment is one of the lines of evidence that the 

idea supporting that ACBD3 is a member of AKAP family [23]. Dual-AKAPI (D-AKAPI) 

is a member of the AKAP family that can interact with both RI and RII PKA subunits [16]. 

A comparison of 30 amino acids of one targeting motif of D-AKAPI to ACBD3 shows a 

high level of homology, also suggesting that ACBD3 may be part of the AKAP family. 

1.4.1 Strudural and sequence properties of ACBD3. 

ACBD3 is a 528 amino acid protein with a calculated molecular mass of about 61kDa 

(predicted by MacVector). By using a Swiss-Pro site profile scan, we found that ACBD3 

contains an Acyl-CoA enzyme binding domain (a.a.I04-122) and a GOLD domain (a.a.384-

526). The GOLD (for Golgi dynamics) domain is a protein module found in several 

eukaryotic Golgi and lipid-traffic proteins. In these proteins, the GOLD domain co-exists 

with lipid-, sterol- or fatty acid binding domains, and acyl CoA-binding domains. suggesting 

that these proteins are likely to interact with membranes. The GOLD domain is predicted to 

mediate diverse protein-protein interactions. These predictions suggest the possibility that 

ACBD3 may playa role in regulation of various membrane proteins including transporters 

and ion channels through their protein-protein interactions. Figure 1.4.1 shows the schematic 

picture of ACBD3 protein with ACBP and GOLD domains. 
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ACBD3 protein 

N terminus ACBP GOLD C terminus 

Acyl-CoA Interacting proteins 

Figure 1.4.1 Schematic of the ACBD3 protei • . 

The full length of ACBD3 is 5~8 amino acids Th ... e are only two functional domains predicted 
according to Swiss-Prosite database. The Acyl-CoA Binding domain is located at positions 1().l-1~2. The 
GOLD (for golgi dynamic) domain is located at positions 384-5:26 . '.Vnich are '-"'y close to the C 

tenninus _ 

Moreover, ACBD3 contains sequence regions lhat are rich in proline (a .a.21-60), 

gl utamic acid (a.a. I 82-240), arginine (a.a. 196-23 8), and glutamine (a.a.24 1-308). We also 

found the ACBD3 has five potential PKC phosphorylation sites (a .a.47-49, 178-180,320-

322, 345-347, and 404-406); eight potential casein kinase TI phosphorylation sites (a.a.1 05-

108, 128- 13 1, 153- 156, 340-343, 345-348, 409-41 2, 450-453 and 451-454); two potential 

tyrosine kinase phosphorylation sites (a.a.278-285 and 485-492); two potential N-terminal 

glycosylation sites (a.a.151-154 and 324-327) and one potential N-terminal myristoylation 

site. it is notable that there is no PKA phosphorylation site predicted on the ACBD3 protein. 

which apparently excludes the possibility of being phosphorylated by PKA when PKA-

ACBD3 complex is present. 

Our laboratory has previously generated data suggesting that ACBD3 may be an AKAP 
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for the TRPV ion channels. These channels are physical sensors involved in regulation of 

the Central Nervous System (CNS) and the immune system [26]. Therefore, it is of interest 

to understand their regulatory signaling. TRPVl is a heat-transducing and capsaicin­

sensitive vanilloid receptor, which was previously cal1ed VR-l [27, 28]. PKA 

phosphorylation alters the activity of the channel, and PKA phosphorylation ofTRPVI has 

been shown to be mediated by AKAP using the HTII inhibitor peptide [29]. Yeast two 

hybrid results using TRPV2. another member in TRPV family with a higher heat threshold 

than TRPV1, as bait, showed that ACBD3 may also mediate the interaction between PKA 

and TRPV2 [30]. All these data suggest that ACBD3 may play a critical role in 

phosphorylation ofTRPV channels and potentiating the cellular responses to heat and other 

physical and chemical stimuli. We are also interested in establishing novel protein targets for 

the AKAP activity of ACBD3. 

1.5 Use of His-tagged fusion proteins in the biochemical study of protein­

protein interactions. 

The overall goal of our work on ACBD3 is to identifY proteins that mediate ACBD3 

signaling. As mentioned in Chapter 1.2, most signaling pathways depend upon protein­

protein interactions. We therefore need to generate a tool which is able to bind to potential 

partners for ACBD3 for the study of protein-protein interaction that can then be detected 

using conventional biochemical techniques. 

Tagged fusion proteins, or similarly "recombinant" fusion proteins are used extensively 

in pull-down assays, affinity purification, and Far-Western analysis. These techniques have 

been used commonly in the study of protein-protein interactions for proteins that represent 

16 



drug targets. Common protein fusion systems include: a polyhistidine tag (His-tag) fusion; 

glutathione-S-transferase (GST) fusion; maltose binding protein (MBP) fusion [31-33]. 

Although His-tagged and GST (GST tag is a 26kDa protein) fusion proteins are the most 

commonly used systems, the His-tag fusion system is preferable to the GST fusion system 

because the 6 X histidine tag is smaller, and is thus less likely to interfere with protein 

functionary folding and function. 

The flexibility of His-tagged fusion protein affinity purification permits its application 

to a wide range of biological questions. Affinity purification using His-tagged fusion 

proteins allow a large scale screen of a cytosolic extract with a novel protein bait to identify 

new interactions, as well as to identifY specific regions of proteins that mediate these 

interactions. Moreover, these approaches can be initiated prior to the availability of 

antibodies to the protein of interest, or when antibodies to the protein have been found to 

interfere with its protein-protein interaction. However, it is necessary to note that these 

methods characterize in vitro interactions, which should subsequently be verified in vivo by 

other means such as immunoprecipitation. 

His-tag fusion proteins incorporate a polyhistidine stretch that can be purified by its 

high-affinity binding to metal ions such as Ni2+. This system has the advantage that the 

fusion protein can be denatured during the purification while the His-tag is still competent to 

bind to metal ions, allowing a denatured fusion protein to be affinity-purified. This is a 

distinct advantage for insoluble proteins. It is preferable however, to optimize purification 

conditions so that native protein structure is conserved. Many of these fusion protein vectors 

are available for bacterial, insect, and mammalian expression systems. 
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His-tagged fusion protein affInity purification is able to screen unknown proteins in 

solution through their interactions with His-tagged probe protein and allows isolation of the 

complex by collection of the interacting proteins through the binding of His-tag to nickel ion 

coupled beads. Western analysis can be then used with membranes generated by transfer 

after SDS-PAGE, allowing detection of and information about the size, of interacting 

proteins. 

1.6 Hypothesis and goals. 

Based on the previous results from our laboratory, the hypothesis of this study is that 

ACBD3 is a PKA regulator and may function as an AKAP recruiting PKA to substrates that 

include ion channels and other as yet undescribed proteins. Our strategy is to use purified 

His-tagged ACBD3 as a probe to: (1) confirm that ACBD3 binds to PKA; (2) generate a tool 

that can be used to affinity purify and identify novel ACBD3 interacting proteins. 
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Subclone ACBD3 

Express in E. coli 

Purify Protein 

Affinity purify Affinity purify 
known partners .. novel parlners 

... 
Validate Affinity Mass spectrometry 

Matrix 

Figure 1.6.1 Flow chart of the proposed project 
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CHAPTER TWO 

Methods and Materials 

2.1. peR. 

A sense primer, AGCAGCGAAlTCGATGGCGGCGGTGCTGAACGCAGAG, and an 

anti-sense primer, GCTGCTGCGGCCGCTTATCTAGTATAATAGACTCTGTAGTAGAC 

TGATTTTGACCGG, were designed based on the ,human ACBD3 cDNA sequence 

according to the NCBI database (accession ID: BC060792). The oligonucleotides were 

obtained by purchase (Invitrogen, Carlsbad, CA.) and the cDNA template was purchased 

from Open Biosystems. EeaRI and Nat! substrate sequences were introduced to the primers 

(underlined). Figure 2.1.1 shows the schematics of primers. PCR was performed for 35 

cycles of denaturation (95°C, 30 seconds), annealing (63.2°C, 30 seconds), and extension 

(68°C, 1.5 minutes) using the AccuPrime™ Pft SuperMix (Invitrogen, Carlsbad, CA). PCR 

product was first confirmed by agarose gel electrophoresis as an approximate 1.5 kb 

fragment, and then extracted from agarose gel using the QIAquick Gel Extraction Kit 

(Qiagen, Valencia, CA). 
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PI 

ECoRl 

A GC A GCG A A T T CG AT GGCGGCGGTGC T G A ~ CGC A G A G 

P2 

SolI 

GCTGCTGCGGCCG CTTUC1!GTAT!AT!G!CTCTG !G TAGIC i G! TT TTGHCGC C 

Fi,_re 2.1.1 s.q_N« aad schem.atir ofPCR primers of ACBD3. Each primrr contams a 
r~s ttiction enz ytll~ O\·trhang, r~stric tioll enlz)mt site and ~ md 3' end of ACBD3 cD:'\;\., 
respec !XI.'d}' Due u n base pilir (G) is add~ upstream of the ATG tran5la ional nart ( 0 00110 in 

ordtr to prt'\'e:llt frame shift . 

2.2 Gel electrophoresis of DNA. 

The agarose gel electrophoresis used 1% agarose in TAE buffer (40mM Tris, 20mM 

Acetic acid, and 2mM EDTA pH 8.3). DNA samples were loaded in sample buffer 

containing Bromophenol blue (0.05% w/v), EDTA (0.1 M, pH 8.0), sucrose (40% w/v), and 

SDS (0.5% w/v), and electrophoresed at 90 V for one hour to achjeve sufficient resolution. 

DNA ladders between 100 bp - 10 kb range were used to determine the size of visib le 

fragments . finally, ge ls were visuali zed on a ChemiDoc system (BioRad), using Ethidium 

Bromide (0.5 f'g/ml). 

2.3 Ligation. 

The insert and vector were digested with 1 f'1 of EcoRJ (IOU) and Noll (40U) fo r 2 hours 

at 37°C. One f'1 CIP ( IOU) was added into the insert reaction fo r the last 30 minutes. Prior to 
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the ligation reaction, the digested vector was confirmed by agarose gel electrophoresis and 

then extracted from the gel using the QIAquick Gel Extraction Kit (Qiagen, Valencia, CAl. 

The insert was purified using the QIAquick PCR purification Kit (Qiagen, Valencia, CAl. 

The ligation reaction was performed at 16°C for 72 hours. Then, the ligation products were 

transformed into DHSa competent E. coli cells. Positive colonies were selected using 

ampicillin antibiotic (50 Ilg/ml) on LB agar plates and plasmids were extracted using the 

QIAfilter Plasmid Maxi Kit (Qiagen, Valencia, CAl. 

2.4 Transformation. 

Two hundred nanograms of plasmid were added into an aliquot of DHSa (BL21 for 

protein expression) competent cells. After 20 minutes incubation on ice, heat shock was 

given at 42°C for 45 seconds (2 minutes for BL21 cells) in a pre-warmed water bath. Cells 

were incubated on ice for another 2 minutes. Five hundred III of pre-warmed SOC medium 

was added to the cells using a proper aseptic technique. Cells were then incubated at 37°C 

with shaking for I hour at 225 rpm. The transformed cells were plated on Luria-Bertani 

broth (LB) agar plates with ampicillin selection (50 Ilg/ml) and incubated overnight at 37°C 

for colony formation. Positive single colonies were used for inoculation of liquid cultures. 

2.5 Screening of constructs for presence of insert. 

The QIAprep 8 plus TurboFilter Kit (Qiagen, Valencia, CAl was used for purification of 

up to 20llg plasmid DNA. At least 16 of the positive clones were used for further 

confirmation of the construct. Each colony was inoculated overnight in 5ml LB with 

ampicillin (50 Ilg/ml). Cells were harvested by centrifuging at 4000 rpm for 20 minutes in a 

Marathon 3200R centrifuge (Fisher Scientific) and pellets were disrupted in resuspension 
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buffer (SOmM Tris-CI, pH8.0 10mM EDTA; 100 ,...g/ml RNase A). Cells were lysed using 

lysis buffer (1 % SDS (w/v); 200mM NaOH) and neutralization buffer (3.0M potassium 

acetate, pHS.S) and plasmids were separated from cell debris by fIltration. Plasmids were 

then eluted and dissolved in SO ,...1 sterile dH20. All 16 samples were digested using EcoRI 

and Notl for 2 hours at 37°C. Digestion was confirmed by agarose gel electrophoresis. 

Positive colonies were determined to have correct inserts of the correct size by comparison 

with a DNA ladder. 

2.6 Maxi scale preparation of plasmid DNA. 

The QIAfilter Plasmid Maxi Kit (Qiagen, Valencia, CA) was used for purification of up to 

SOO,...g ultra-pure plasmid DNA. Two hundred ml LB culture with ampicillin (SO ,...g/ml) was 

used for positive construct production. After overnight inoculation, cells were harvested by 

centrifuging at 6000 rpm for 20 minutes in an Avanti J-2S centrifuge (Beckman). Cell pellets 

were disrupted in resuspension buffer and plasmids were extracted using lysis and 

neutralization buffer. After fIltering out cell debris, plasmids were washed twice using 30 ml 

wash buffer (1.0 M NaCI; 15% isopropanol (v/v); SOmM MOPS, pH7.0) and then 

precipitated using iso-propanol. Finally, the purified plasmids were dissolved in 200 ,...1 

sterile dH20 and concentration was examined by the OD260128O test. 

2.7 Site-Directed Mutagenesis. 

2.7.1 Mutant strand synthesis peR. 

Two complimentary oligonucleotides (CGGTTGTGAAGAGAAAGCCAAAAA 

GAATGCCAACAAGCCTTTGCTGGATGAGATTGTGCC and GGCACAATCTCATCCA 

GCAAAGGCTTGTTGGCATTCTTTTTGGCTTTCTCTTCACAACCG) containing the 
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desired mutation flanked by unmodified sequence were obtained by purchase (Invitrogen, 

Carlsbad, CA) and used as primers in PCR. The mutant construct produced as described 

above was used as the dsDNA template. PCR was performed for 18 cycles of denaturation 

(95°C, 50 seconds), annealing (60°C, 50 seconds), and extension (68°C, 1 minutes) using 

PfuTurbo DNA Polymerase (Invitrogen, Carlsbad, CA). 

2.7.2 DpnI digestion of parental (nonmutated) supereoiled dsDNA. 

One fl.1 (IOU) of Dpn I restriction enzyme was added into the amplification product 

that includes both parental and newly synthesized construct. The mixture was centrifuged 

for one minute at 1000 rpm, and then immediately incubated at 37°C for 1 hour to digest 

parental dsDNA. 

2.7.3 Transformation ofDIISa competent ceUs. 

The transformation reaction was performed as indicated in section 2.3, except that 2 fl.l 

ofbeta-mercaptoethanol (beta-ME) was added into the competent cells prior to the addition 

of DNA. 

2.8 Sequeucing. 

All cDNA constructs were validated by full-length sequencing. The sequencing primers 

were designed based on cDNA of human ACBD3 according to the NCBl database. The 

sequencing process was performed by the Greenwood Molecular Biology Facility, at the 

University of Hawaii. The cDNA sequence was translated to amino acid sequence and 

checked for correspondence to the published protein. Protein structure and function was 

predicted by Swiss Prosite database. 
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ACBD3 sequeneinl primers 

FI TTGTCCTGAGGTTGGATTC 

F\3 GGAGGAAGAGGAAAGGAGAC 

F27 GCAGGAGCAACACTATCAGC 

F38 AAGAAGCCCTGGAGAATGGACC 

F43 TGACATTGGGTTTGGGGTG 

F59 ATGAGGAGGTGTATGCTGGC 

R71 CATTCTCTCCTCCTGTCATTC 

R72 GAAAAGAGATGGCAACACC 

Table 2.8.1. Sequencing primers for ACBD3 eDNA. "P" for forward and "Rn for revellle. 

2.9. Expression and induction ofUis-tagged ACBD3 fusion protein. 

The E.coli BL21 strain was used for expression of fusion protein. Cells were cultured at 

37°C in 10ml LB with ampicillin (50 ""g/ml) overnight. Cultures were then transferred into 2 

X 400ml LB with ampicillin (50 ""g/ml) in a ratio of 1:80 followed by 4 hours growth till 

OD600 reaches 0.6-0.8. After removal of Iml uninduced culture as control, IPTG was added 

to a final concentration of 0.4 mM to induce expression. After an additional 2 hours growth, 

cells were harvested by centrifuge at 6000 rpm for 20 minutes in an Avanti J-25 centrifuge 

(Beckman). The pellets were stored at -20°C overnight. 

2.10. Purification ofUis-ACBD3 by affinity chromatography. 

2.10.1 Lysate preparation. 

The pellet was thawed at room temperature and disrupted mechanically without adding 

buffer. After the addition of 40ml binding buffer, the pellet was resuspended completely by 

pipetting up and down. The proteinase inhibitor cocktail and DNAse! were added to prevent 
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protein degradation and to reduce viscosity caused by genomic DNA, respectively. The 

homogenous lysate was sonicated using VCX600 sonicator (Sonics & Materials Inc.) at 50% 

power for 30 seconds at 4°C. The sonication was repeated eight times, with 1 minute on ice 

intervals. The lysate was frozen at -80°C overnight. 

2.10.2 Purification of the His-tagged ACBD3 fusion protein. 

The lysate was thawed at room temperature and centrifuged at 14,000 g in an Avanti J-25 

centrifuge (Beckman) centrifuge for 20 minutes. The supernatant was filtered through a 0.2 

Jl.ID. filter in order to further reduce viscosity. Five ml of sterile water was first applied to the 

column to moisten the beads that are attached to the column. An additional 2ml of 50% 

slurry beads were added. The beads were purchased from Novagen, CA. After all beads 

settled down, 3ml sterile water, 5 ml charge buffer and 3ml binding buffer were poured 

throughout the column to charge Ni2+ on the beads. The column was loaded with 

supernatant, and then washed with 10ml binding buffer and 6ml wash buffer. Finally, 6 ml 

elution buffer was applied to the column and collected as six Iml aIiquots. All buffers and 

supernatant passed through the column by gravity flow. 

1.10.3 Dialysis to remove imidazole contaminant in the eluted sample. 

The eluted supernatant was carefully transferred into 3500 MWCO (molecular weight cut 

oft) dialysis tubing and dialysed against 2L PBS for 72 hours at 4°C. The dialysis tubing 

had been prepared by boiling in 70% EtOH, and was soaked in dlliO for at least Ihour prior 

to use. Dialysis buffer was changed every 12 hours. The dialysed protein sample was 

transferred into a 15ml falcon tube and stored at 4°C. 

2.11 Recoupling the His-tagged ACBD3 fusion protein to the agarose 
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beads. 

One and a half ml of 50% slurry beads were pre-charged using charge buffer and added 

to dialysed protein sample for 30 minutes incubation at 4 DC. After 3 washes with 6 ml PBS 

and a wash with 2 ml storage buffer, the supernatant was carefully removed. The beads were 

transferred into two 2ml centrifuge tubes, followed by two additional washes with Iml 

storage buffer. For long tenn storage, beads were stored in I ml storage buffer at _20DC. 

2.12 Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE). 

The acrylamide resolving gels used were 10% with 1% (v/v) SOS, unless otherwise 

indicated in the figure legends. Electrophoresis was performed at 50-60 volts for 12-16 

hours. 

2.13 Coomassie Blue Staining. 

Gels were immediately soaked incoomassie staining buffer for 2-4 hours after removing 

from the gel apparatus, and were then destained in destaining buffer until clear bands could 

be seen. Composition of staining and destaining buffer are as follows: Staining buffer was 

0.1% (w/v) coomassie brilliant blue R-250, 10% (v/v) glacial acetic acid, and 10% (v/v) 

methanol. Oestaining buffer was 10% (v/v) glacial acetic acid and 10% (v/v) methanol. 

2.14 Electro-transfer and Western blot. 

Resolved proteins were transferred framrylamide gels to PVOF membranes by 

electroblotting in the transfer buffer at 1.4 A for 200 minutes at 4 DC. Then, membranes were 

blocked by non-fat milk solution (5% w/v in PBS) at room temperature for 1 hour with 
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gentle shaking. Primary antibodies were dissolved in PBS with 0.05% (w/v) Tween-20, 

0.02% (w/v) sodium azide, and 0.5% (w/v) BSA, and incubated with the membrane at 4°C 

overnight. Secondary anti-mouse IgG antibodies were dissolved in PBS/O.05%tween-

2010.5% non-fat milk and incubated with membrane at room temperature for I hour. Washes 

between incubations were performed in 50m! PBS/0.05% Tween-20 for 5 minutes and 

repeated four times. Finally, membranes were exposed to ECL plus solution for 4 minutes 

and wrapped in Saran wrap. Signals were visualized using Kodak Biomax MR film. The 

Western blot array used in Chapter 5 was from Biochain, Inc. 

2.15. Antibodies. 

Antibodies to His-tag were from Invitrogen, Carlsbad, CA. 

ACBD3 antibody was from Dr. Papadopoulos, Georgetown University, Washington DC. 

2.16. In vitro PKA binding assay. 

Purified human recombinant Protein Kinase A, and Protein Kinase G were obtained 

from Promega. Recombinant kinases were stored as aliquots at -80 degrees C, in a buffer 

containing 20% (w/v) glycerol at pH 7. Affinity purifications of ACDB3 with recombinant 

PKA or PKG were performed as follows by Dr. Turner and this candidate. His-ACBD3 was 

coupled to NiCh affinity matrix (Novagen, CA) as described above. After washing, and 

estimation of coupled protein concentration by SDS-PAGE, the affinity matrix was 

resuspended in a buffer containing 10mM Tris-HCI pH 7.4, 75mM NaCI, ImM 

phenylmethylsulfonyl fluoride and 10mM iodoacetamide. Eppendorftubes were prepared 

containing 10!.f.g of the coupled His-ACBD3. Candidate interacting proteins were included 

in the reaction mixture at the concentrations indicated in the figure legends. Affinity 
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purification proceeded for 2h at 4 °C on a rotator, in a reaction volume of 500 ",\. After 

affinity purification, the protein complexes were harvested by centrifugation (15,000 g for 1 

min at RT), followed by three washes in 1 m1 volumes of ice-cold PBS. After the fina1 wash, 

the beads were dried using a Hamilton syringe and resuspended in 100 ",I of reducing 

Laemm1i sample buffer. Samples were heated at 95°C for S min, before loading on a 10% 

SDS-PAGE gel. Protein complexes were electrophoresed for 16 h at 60 V, before fixation 

and staining of the gel with Coomassie Blue. 

Table 2.1.1 List of Buffers used in protein analysis 

ButTer Component 

Binding 0.5M NaCI; 20mM Tris-HCI; 5mM 
buffer imidazole;pH7.9 
Charge 

50mMNiS04 
buffer 

Elute buffer 
I M imidazole; 0.5M NaCI; 20mM Tris-
HCI; pH7.9 

Laemmli 60mM Tris(pH6.S); 1.5%SDS; 10% 
sample glycerol; 0.01 % Bromophenol Blue; 5% 2-
buffer mercaptoethanol (b-ME) 

PBS buffer phosphate-buffered saline 
Running 25 mM Tris, 0.2 mM Glycine, 0.1 % SDS, 
buffer pHS.3 
Storage 50% w/v glycerol; 50mM NaCI; 50mM 
buffer Hepes;pH7.4 
Transfer 

25 mM Tris, 0.2 mM Glycine, pH S.3 
buffer 

Wash buffer 
0.5mMNaCI; 60mM imidazole; 20mM 
Tris-HCI; pH7.9 
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Table 2.1.2 Reagents or kits and their suppliers 

Reagent or kit Supplier 

AccuPrirne™ Pft SuperMix Invitrogen 
Autoradiography Film Kodak 
Calf intestinal phosphatase (CIP) Invitrogen 
DNaseI Sigma 
ECLplus Amersham 
oligonucleotide primers Invitrogen 
PfuTurbo DNA Polymerase Invitrogen 
protease inhibitor Calbiochem 
purification kit Novagen 
PVDF Millipore 
QIAfilter Plasmid Maxi Kit Qiagen 
QIAprep 8 plus TurboFiIter Kit Qiagen 
QIAquick Gel Extraction Kit Qiagen 
QIAquick Gel Extraction Kit Qiagen 
QIAquick PCR purification Kit Qiagen 
Restriction Enzymes New England Biolab 
SDS solution BioRad 
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Chapter 3 

Subcioning, expression and induction of ACBDJ 

3.1 GoaL 

As described in the introduction, our ultimate goal is to identify the cellular targets for 

the AKAP anchoring of ACBD3 protein. Our chosen approach is to generate purified 

ACBD3 protein that will be used as an affinity matrix to co-purify interacting partners for 

ACBD3 protein. 

The first step of this process is to identify a system for production of the His-tagged 

ACBD3 fusion protein. Bacterial expression systems yield high concentrations of soluble 

proteins like ACBD3. To facilitate purification and detection of ACBD3, we decided to 

engineer a minimal peptide tag (6 sequential Histidine residues) onto the ACBD3 protein. 

This chapter will describe the production by PCR of the His-ACBD3 open reading frame, 

and its subcloning into a cDNA vector that is suitable for production of recombinant protein 

in E.coli. 

The E.coli expression system is one of the best understood systems for heterologous 

protein expression. The advantages of the E.coli expression system include established 

regulatory track record, well-understood genetics, ease of culture, inexpensive media, high 

and regulated expression levels, and relatively easy characterization. It offers a reliable and 

cost effective way of expressing genes of interest. Many E.coli strains have been engineered 
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to be particularly useful for high level protein expression. The BL21 strain is one of the 

general protein expression strains that lack both the Ion protease and the ompTmembrane 

protease, which can degrade proteins. 

The pTrcHisB expression vector is useful because it confers a His-tag sequences and 

allows inducible production of His-tagged protein. To achieve stringent control of 

expression, the lac operator has been engineered into the pTrcHisB vector, which permits 

binding of the Lac repressor to repress transcription. When expression is desired, the E.coli 

are grown to mid-log phase (OD6IXFO.6-0.8) and IPTG is added to induce expression via de­

repression. Translation is enhanced by the presence of a minicistron that provides highly 

efficient translational restart into the open reading frame of the multiple-cloning site. 

ACBD3 insert is positioned downstream of the minicistron and in frame with a sequence 

that encodes an N-termina1 fusion peptide. This N-terminus peptide codes for (5' to 3' from 

the promoter) an ATG translation initiation codon, six histidine residues in series that 

function as a metal (Ni2) binding domain in the translated protein, the Xpress epitope, and 

the enterokinase cleavage recognition site. The enterokinase cleavage recognition site allows 

for the subsequent removal ofN-termina1 fusion peptide from purified recombinant protein. 

3.2 Results. 

3.2.1 Subcloning of ACBD3 eDNA into pTrcHis B vector. 

The human ACBD3 cDNA (accession ID: BC060792) has 1588 base pairs. We chose to 

subclone ACBD3 into the pTrcHisB vector. The pTrcHisB vector (Figure 3.2.1) is a pBR322 

derived expression vector and is designed for efficient His-tagged protein expression and 

purification in E.coli. The overall subcloning strategy is presented in Figure 3.2.2. The 
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subcloning results including peR, vector digestion and mini-prep confiJInation are shown in 

Figure 3.2.3-5. The samples in lane 9 and II in figure 3.2.5 were used for bulk eDNA 

preparation and confirmation of the subcloning by DNA sequencing. 

'---'-V-- lacO ATG 6x ress • 

IS 

pTrcHis B 
4.4 kb 

pBR322 
• 

on 

Ampicillin 

Fi2ure 3.2.1 P T rCHisB \"E'Cfor map. p T rc HisB '"ector is a ·t..Jkb ,"ector that contains pBR322 
origin of replication. Six histidine residues, the Xpress epitope. ald the eoteroldnase cleavage 
recognition siu are in frnme between the A TG translational start eoooo ood multip le cloning site. 
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Fi\:ure3.2.5 RestricriOD eDz)me digestioD of ACBD3-pTrcHisB COD struCtS. Agaro," gd (1 ' , ) 
electrophoresis of digestion of ACBD3-p T rcHisB constructs b y restriction enzymes. CI-C4 are control. C I: 
, 'ector alone; C2: Yector and EcoR I; C3: " ector and Kot I; C4: vector, EcoR I and Kot L Land-I S: 18 mini-prep 
samples The digestion was performed as indicate.d at 3 • C for 2 hours . Sizes offragmeots were estimaed by 
comparison to Ol\A ladder shown on l.ft and right. After digestion. the inserts are abserved as about 1. 5 kb and 
the vectors are obsaTed as about ~ . 5 kb fragment. The gel was " isoalized on a ChemiDoc system (BioR.d) 
using Ethidiurn Bromide (0.5 mg mI) . 

3.2.2 Site-directed mutagenesis of ACBD3-pTrcHisB construct 

According to the NCB! database, the ACBD3 cDNA used in thi s experiment has one 

base pair that is different from human genome, which results in a change of the 473rd amino 

acid from arginine to lys ine. The shift of even one amino acid may cause the protein 

function irregularly due to many possible reasons, such as a change in structure or in a site 

for post-translational modification. T herefore, in order to repai r this mutation a single base 
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pair change was been made in the ACBD3-pTrcHisB construct. 

+ 

~, 

- --

--

-

F iaure 3.1.6 Scbem3tic of site directed mu tageDE'Sls. P ... ental plasmids are: mutated b}' PCR amplification using mutated 
primers. The two prim~s are reverse and complementary to each other. After peR, the piI'ental plasmids are digested using 
Dpn I restriction enzyme.The mutated plasm ids SUr\'n'e from digestion and are selected for use. 

The site-directed mutagenesis allows site specific mutations in virtually any double 

stranded plasmid. As described in the Methods, site-directed mutagenesis is performed using 

PfilTurbo DNA polymerase and a temperature cycle. The PfuTurbo DNA polymerase 

replicates both plasmid strands without displacing the mutant oligonucleotide primers. The 
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basic procedure utilizes a supercoiled double stranded DNA vector with an insert of interest 

and two synthet ic oligonucleotide primers containing the desired mutation . The two 

oligonucleotide primers, each complementary to opposite strands of the vector, are extended 

through a temperature cycle by PJuTurbo DNA polymerase. A mutated plasmid containing 

staggered nicks is generated by incorporation of such primers. The product is treated wi th 

Dpnl endonuclease, which is specific for methylated and hemimethylated DNA. Since DNA 

isolated from almost all E.coli strains is methylated, Dpnl treatment is used to digest 

parental DNA template in order to select for the mutation-containing synthesized plasmid. 

The new construct, with the single base pair change, is confirmed by sequencing. 

Table 3.2.2 ACBD3 site-directed mutagenesis. An " A-T', the 1418'h base pair of ACBD3 cD A, is mutated 
to a uG_C", Consequently, the amino acid is shifted from lysine to arg inine, corresponding to the human 
genome reference sequence for ACBD3. 

3.2.3 Expression and induction of His-tagged ACBD3 fusion protein. 

After transformation of the repaired construct containing the pTrcHisB plasmid, the 

BL21 expression system provided sufficient but not excessive amounts of Hig-tagged 

ACBD3 fusion protein when induced with IPTG. With the combination of pTrcHisB 

plasm id and BL2 1 strain, His-tagged ACBD3 expression in condi tions of presence and 

absence of IPTG induction was confirmed using Coomassie Blue staining. Figure 3.2 .7 

shows the expression and induction of thi s protein. 
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Figure 3.2. Expression aDd induchoa of ACBD3 iD B121 E.coli s traiD. Total proteins from bacterial cells 
were loaded on l()"o SDS-PAGE . The gel is visualized by Coomassie Blue staining for 4 hours end followed by 
destaining. One ml of culrure wsa used for confirmation of pretein expression and induction. land : total 
proteins from BL21 strain without transformation of ACBD3-p T rc.HisB construct. Lane2: total proteins from 
B121 strain with trmsfonnation of ACBD3--pTrcHisB construct Lane) : total protans from BL21 strain \,ith 
transformaion of ACBD3.pTrcHisB and inducedby IPTG. His-tagged ACBD3 fusion protein is obsen1ed as 
about iO kD fragment and indicated b)' ClTO W. 

3.3 Discussion. 

Our subcloning strategy resulted in a successful production of a construct. The whole 

subcloning process was straightforward until we fo und there was a point mutation of the 

eDNA that has been used in the PCR. This mutation is due to the original source of Open 

Biosystem's construct, which is contained tru s difference between human ACBD3 cD A 

and genomic DNA. We dealt with thi s problem using a site directed mutagenesis techn ique 

and made our construct correspond to the predicted protein from the hwnan genome. 
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In the follow-up step, expression and induction were quite straightforward comparing 

with previous work on other projects. The solubility and degradation problem of expressed 

fusion protein were easily resolved using our experiences gained from other projects. For 

example, we monitored the protein expression and induction by SDS-PAGE and Coomassie 

Blue staining. In the first several trials, we found that the majority of expressed His-tagged 

ACBD3 was in lysed samples but not in the supernantants of them. This phenomenon is due 

to two potential problems: (1) The heterogeneously expressed proteins were poorly soluble; 

(2) The lysis and exaction of protein from bacterial cells were not sufficient. However, this 

problem was easily dealt by inducing at an early time and shortening the induction period, 

which proved that the problem was due to the problems mentioned above. 
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4.1 Goal. 

Chapter 4 

PurifICation of His-tagged ACBD3 

The goal of the work presented in this Chapter is to purify His-tagged ACBD3 fusion 

protein from BL21 E.coli cells. Our overall goal of this study is to use purified His-tagged 

ACBD3 to identify its interactors by affinity purification. Therefore, generating a tool of 

purified His-tagged ACBD3 fusion protein is the key step of the entire project. Our chosen 

strategy is to use the Immunobilized Metal AffInity Chromatography (IMAC) technique. 

lMAC is a widely used method for purifying large quantities of highly pure protein in a 

single process. 1ms technique also allows purification under both native and denaturing 

conditions. 

The work presented in this chapter also includes the preparation for further affinity 

purification experiment. The affinity purification requires the purified His-tagged ACBD3 

fusion protein to be coupled onto a bead matrix. Therefore, we dialyzed the eluted sample 

and recoupled the protein to beads. 

40 



4.2 Results. 

4.2.1 Purification of His-tagged ACBD3 by Immunobilized Metal Affinity 

Chromatography 

The entire purification system is facilitated by two different binding affinities between 

histidine residues to Niz+ beads and imidazole. Beads were first charged by Niz+ before 

binding to the His fusion protein. When the His-ACBD3 protein is pulled down through the 

Niz+ beads, strong binding affinity between histidine residues and Niz+ allows His-ACBD3 

tethering to the beads. After several washes, the elution solution containing imidazole is 

pulled down through the Niz" beads with the bound His-ACBD3 fusion protein. As 

imidazole has a higher affinity to histidine residues than Ne" beads do. the His-ACBD3 is 

eluted in the elution buffer. 

Total soluble protein was first extracted from BL21 cells and then the His-tagged 

protein was purified by immobilized metal affinity chromatography (Figure 4.2.1). 
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F iaure 4.2.1 Purifica tion ofRis-taeeed .-\CBD3 fusio. proteiD . T ota! proteins from bit:tmal cells were loaded on 100 0 
SDS-PAGE. Tbe gtl is visualized by Coomassie Blue staining for 4 hours and foDo'wed by destzining. 30 III of totaI 
Iysate.was loooed in lane 1. Mer centrifug<tion. supem<f.ant was loaded in Lane __ After coupling to His-tagged, ACBD3 
fusion protein, 10 III of beads was load in lane 3 bd"ofe dution Aft« elution, · 0 III of first and second tluted. and 100 II I 
of third eluted sametes were loaded in lane -+-6, respectively_ Hi s~ged ACBD3 fusion protein was observed as a 0 kD 
protan atd indicted by arrow 

4.2.2 Re-coupling of purified protein to beads. 

To e liminate the potential effect of imidazole contaminating the eluted sample, Hi s-

tagged ACBD3 fusion prote in was re-coupled to the beads after dialysis against PBS. The 

dialysis system chosen used a cellulose membrane witb a molecular weight cut off of 3500 

Dalton. Thus, the purified protein, which is about 50kDa, would be retained in the dia lysis 

tube while imidazo le, whose molecular weight is about 250 Dalton, would be diluted into 

the surrounding PBS. 

At th is point, we had a very diluted sample of the His-tagged fusion protein. The next 

step is to re-couple to beads, concentrating the prote in, which is our affi ni ty ligand, onto a 

so lid matri x where it can be used in affini ty purification. The His-tagged ACBD3 fus ion 
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protein was recoupled onto the Ni2+ beads by incubation of the beads in the dialyzed protein 

sample. Efficiency of coupling was assessed by SDS-PAGE of the recoupled beads and the 

dialysate after this re-coupling. Figure 4.2.2 shows that bigh efficiency re-coupling was 

achieved. 
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Hi .. tagged ACBD3 

Fieure 4.2.1 Recouplin& ofHis· t:tIKed ACBD3 to :,\12+ coupled beads. All samples were loaded on 1000 SDS~AGE 
follo\\"ed by Coomassie Blue staining. Lane 1: 10 ~ of timed sanple after purification; lane2-5: 50 JLl of washing buffer 
after passed through the beads; Lane 6: 20).l1 of beads after recoupling ; The gd was visualized by Coomassie Blue staining 
for -l hours and fonowed by destaining 

4.3 Discussion. 

4.3.1 Degradation of the protein in the E.co/i expression system. 

Being able to synthesize the fusion protein witbout excess degradation is one of the 

most important considerations in experiment design. I f the fusion protein is excessively 
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degraded during purification, the probe protein will be a mixture of different products of 

degradation. This may result in variable results from different fusion protein preparations. 

The E.coli expression system is apt to generate degraded products during over-expression. 

The BL21 strain used in the experiment was engineered as a protease deficient (lon, strain. 

This strain was selected for protein expression with an appropriate genetic background to 

minimize protein degradation. We did experience some excessive degradation of protein 

during the experiment (data not shown). The excessive degradation showed increased 

amount of degraded products and decreased amount of full length protein. Degradation is 

supposed to take place due to various stresses to the bacteria including over induction, long 

period culture and so on. Degradation may also result from over sonication. However, 

sonication is necessary to disrupt cell walls and to help protein extraction. Therefore the 

duration and strength of sonication should be balanced between extraction and degradation. 

Figure 4.2.1 is the most representative data we have to show minimized degradation and 

optimized purification. 

4.3.2 Insolubility of the expressed fusion protein. 

The fusion proteins can be produced either as soluble forms and/or as insoluble forms 

(inclusion body) in E.coli expression system. The formation of inclusion body is a common 

consequence of high level protein expression in cytoplasm. So far, there is no evidence on 

why fusion proteins tend to form inclusion body in E.coli. Moreover, it seems like that no 

relationship between the formation of inclusion bodies and origin of proteins, choice of 

promoters, choice of vectors, and the hydrophobicity of target proteins. 

To avoid the formation of inclusion body and to increase soluble protein, we tried 
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several means such as titrating the amount of IPTG added, altering the OD600 when the 

IPTG is added, lowering the temperature. and inducing for longer or shorter time. However, 

for His-tagged ACBD3, all above experiments showed no effect on the amount of soluble 

proteins and inclusion bodies. This proved the choice of His-tagged fusion system was 

appropriate, instead of GST fusion system, with which we have experienced huge inclusion 

body and insolubility problems during the protein purification projects. 
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ChapterS 

Structure-function analysis of The ACBD3 protein 

5.1 Goal. 

The goal of the work presented in this Chapter is (1) to prove that our His-ACBD3 is a 

potentially useful affinity ligand. Our approach was to test whether our His-ACBD3 is 

capable of binding to PKA. If this is successful, then we will have produced a novel affinity 

ligand for future purification of ACBD3-interacting proteins; (2) to test the idea that ACBD 

is likely to bind to proteins other than TRRV ion vhannels. These are proteins with restricted 

tissue expression pattern. So we will ask whether ACBD3 is expressed in non-TRPV 

containing tissues (outside the CNS). If so, this would support our hypothesis that 

undescribed partners for ACBD3 are likely to exist. 

5.2 Results. 

5.2.1 Validation of His-AeBD3 fusion protein via in vitro PKA binding assay. 

Proteins control and mediate many of the biological activities of cells. Although some 

proteins may act as single monomeric units, a significant percentage of all proteins function 

in association with their partners, or as components of large macro-molecular complexes. 

Therefore, to gain an understanding of cellular function, we think the function of ACBD3 

must be understood in context of other interacting proteins. 
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figure 5.2.1 In ';11"0 PKA biDdiD& assay of ACBD3. His-tagged ACBD3 fusion protein was pre-coupled to the 
beads. Candidate interacting molecules were incubaed. "ith beads for 2 hours at 4 0 C. After wash~ . the bea:is 
were boiled at 95· C in Laemmli sample buffer and loaded to 10'. SDS-PAGE. The gel was yisualized by 
Coomassie Blue staining. 

As mentioned in the Introduction, TRPV I is a heat-transducing and capsaicin sensitive 

vanilloid receptor. PKA phosphorylation of TRPV I has been shown to be mediated by 

AKAP. Results from previous Yeast Two Hybrid experiments have shown that ACBD3 may 

also mediate the interaction between PKA and TRPV2, another member in TRPV family 

with a higher threshold than TRPV I. These results suggest that ACBD3 function as an 

AKAP that mediates the interaclion between PKA and TRPVs. To confirm interaction 

between our His-tagged ACBD3 fusion protein and PKA, an in viu'o binding assay was 

performed using purified His-ACBD3 and PKA subunits. As expected, Figure 5.2.1 shows 

that ACBD3 binds to the PKA R subunit. By binding to PKA, ACBD3 is able to function as 

a scaffo ld protein and recruits PKA to its substrates. This result provides the possibility to 
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extend the AKAP function of His-ACB03 to other potential interactive partners. 

5.2.2. Extensive protein expression pattern of AeB ()3. 

ACB03 has only previously been shown to bind TRPV channels (components of CNS 

and mast cells), and the PBR. In both cases it is likely that ACB03 is recruiting PKA. 

However, by analogy to most AKAPs, it is clear that ACB03 is likely to bind to many other 

targets and recruit PKA to them. Support for thi s idea is shown in Figure 5.2.2. Here we 

performed a Western blot analysis of the distribution of ACBD3 in multiple normal tissues. 

The anti-ACBD3 antibody was optimised in Western blot by Dr Stokes (30). Similar blotting 

conditions were used to probe the total human ti ssue protein array shown in Figure 5.2.2. It 

is notable that ACB03 is abundant in a range of normal ti ssues, outside the CNS and 

reproductive organs where the TRPVs and PBR are located. Thus the tissue distribution of 

ACBD3 in humans is consistent with its function outside the TRPV and PBR pathways. 

Moreover, it is clear that in certain tissue. ACB03 levels are altered after oncogenic 

tranformation. For example, in a clear cell carcinoma of the ovary, ACBD3 levels are 

massively up-regulated in the transformed tissues. 
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Figure 5.2.2 E xpres,,"" profile or AC BD3. A Biocb ain bu ma n tissue array blot were prob ed . 
Western b lot an alysis of d istribut ion of AC BD3 in differen t tissues. All samples were western b lotted 
using anti-AC BD 3 antibody. Pos itive and negath" e c ontrol is in the left top . In each picture, the 
e~pression o f AC BD3 in oncogenic tissues and normal tissues is sho wn in the left and ri@:hts id e, 
respec th-e ly. 

5.3 Discussion. 

By affinity purification using purified His-ACBD3 fusion protein. we were able to 

confirm the interaction between ACBD3 and PKA R subunit. This interaction seems to be 

ti ght and specific. At the beginning, we hypothesized that ACBD3 is a PKA regulator. In 

addition to the results from previous experiments that were conducted in the laboratory, we 

know at least ACBD3 is able to regulate PKA to TRPV2 ion channels. Coupling to the 

knowledge from some members in AKAP family that have been shown as models to 

regulate PKA to di fferent ion channels, we are able to extend our hypothesis: ACBD3 may 

recmit PKA to ion channels and proteins other than TRPVs [5, 34-37]. 
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It is important to note that AKAP is defmed as a functionally but not structurally related 

family. The ability to bind to PKA in a specific manner provides ACBD3 the competence to 

join the AKAP family. According to our bioinformatics prediction of ACBD3 protein, 

presence of Acyl-CoA binding domain and GOLD domain suggests that ACBD3 are likely 

to interact with membranes. By occupying the nearby space inside the membrane, ACBD3 is 

possible to be a scaffold protein that facilitates certain modification of membrane proteins 

including ion channels. Though the exact localization still needs to be investigated, at least, 

the prediction based on the domain functions is consistent with our hypothesis. 

Our data suggest that ACBD3 expression is not restricted to the CNS and reproductive 

tissues where it has previously been described. On the Western tissue array used here, it is 

clear that ACBD3 is present in diverse tissues such as lung, breast and stomach. Moreover, 

levels of ACBD3 change in cancers of some tissues, although we do not yet know if this is a 

cause or effect of cellular transformation. Further studies of ACBD3 expression will be 

needed, since this array technology does not teU us where in the tissue ACBD3 is located. 

For example, only an immunohistopathology experiment would teU us if the ACBD3 

expression is not due to the presence of innervating neurons in the tissues used to prepare 

this array. 
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CHAPTER SIX 

General Discussion 

6.1 Overall summary of the project. 

The goal of this project was to generate a tool to purify ACBD3-interacting proteins. No 

significant technical barriers were encountered. Our study of structure and function 

relationships as well as protein-protein interactions of ACBD3 started from in silico 

investigation and published results. We successfully produced the His-tagged ACBD3 fusion 

protein and we purified it by immunized metal affinity chromatography. Using purified His­

tagged ACBD3, we could validate the protein-protein interaction between PKA R subunit 

and ACBD3, suggesting that our His-tagged ACBD3 fusion protein is correctly folded. 

Protein expression profile of ACBD3 in different tissues was investigated using an anti­

ACBD3 antibody. Our results were consistent with our hypothesis. though some further 

work is still necessary for complete validation. We believe our work has generated a 

powerful tools for further study of ABCD3 and indicates the right directions for future 

investigations. 

6.2 Future experiments using purified His-ACBD3. 

With the purified His-tagged ACBD3. we are now able to probe interactions between 

ACBD3 and interacting partners in solution. There are two general applications of the 

affinity purification: I) to identify novel interactions between ACBD3 and unknown 

proteins; 2) to confirm interactions between ACBD3 and known proteins that are suspected 
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interacting partners. For the former, cell lysates from different cell lines can be used to 

screen potential interacting partners of ACBD3, which can be then identified by mass 

spectrometry. For the latrer, the known interacting partners can be detected by antibodies. 

We hope, by these affinity purifications, to be able to identify new interacting partners for 

ACBD3, especially ion channels. 

In recent years, electrophysiological tools have been a popularly used in the study of ion 

channels. Although ACBD3 is responsible to regulation of TRPV phosphorylation, its 

mechanism is still to be clearly understood. If cell lines that expressing different ion 

channels are available, we can address the question that if ACBD3 also regulates other ion 

channels as well as TRPV s. We are looking forward to seeing how the currents of TRPV and 

other channels are affected by His-ACBD3, which is supplied via the patch-pipette perfusion 

of the cytosol. 
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