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Cupriavidus necator H 16 is a gram negative, chemolithoautotrophic bacteria 

known for the production of polyhydroxyalkanoates (PHAs). PHAs are polyester 

polymers and have promising characteristics that can be used as biodegradable 

plastic. In certain bacteria such as C. necator H 16, the PHA is found in the inclusion 

bodies located in the cytoplasm of the bacteria. The inclusion bodies are covered with 

proteins called phasins. PhaP is the most abundant phasin and forms a network on the 

sw-face of inclusion body. ln addition to being found on the surface of the inclusions, 

there is evidence that PhaP is also located at the perimeter of the cell as suggested by 

immunogold transmission electron microscopy studies. It is also noteworthy that a 

tat-like sequence (tat is the signal sequence that facilitates protein transfer into the 

cytoplasmic membrane or periplasm) exists upstream of the PhaP amino terrninua in 

the gene sequence. Based on this prior research. we speculated that the location of the 

PhaP protein may be the cytoplasmic membrane of bacteria. To examine this 

hypothesis, we used 1-D gels and 2-D gel electrophoresis analysis of fractionated 

cellular components. To maximize the representation and resolution of proteins on the 



two-dimensional gels, we developed different solubilization buffers by using various 

combinations of detergents and reducing agents and isoelectric focusing protocols 

some of which were already been tested in simi lar studies. Om data suggest that the 

solubilization buffer containing 7 M urea. 2 M thiourea. 4% CHAPS. 1 % ASB-14 2 

m.M TBP, 0.5% carrier ampholytes and 0.02% bromophenol b.lue gives optimized 

protein representation in terms of higher as well as lower molecu lar weight proteins 

and also the resolution of those proteins. Our data also support the hypothesis that 

Pha.P might be on the cytoplasmic membrane of bacteria however mass spectroscopic 

analysis is necessary to confirm the find ings. 
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CHAPTER 1. INTRODUCTION 

1.1. Overview 

Cuprim idus necator H 16 1s beta proteobacteria which can make 

polyhydroxyalkanoates (PHA) inclusion bodies. These rod shaped motile bacteria are 

from Burkholderiaceae family. They are mainly found in soil and water. In past, this 

bacterium was also known as Hydrogenomonas eutropha, Alca!igenes eutrophus, 

Ralstonia eutropha, and Waufersia eutropha. 

Polyhydroxyalkanoates (PHAs) are a class of intracellular storage polymer 

synthesized in some bacterial species. but not all (Anderson et al., 1990). PHAs have 

attracted interest because they can be formulated into biodegradable plastic 

(Anderson et al .. 1990. Reinecke et al. , 2009). The PHA polymer is synthesized in 

multiple intracellular granules in response to a nutrient deprivation. such as nitrogen

limitation, sulfur-limi tation, and phosphate limitation. The more the carbon/nitrogen 

ratio, the more is the PHA production (Anderson et al., 1990). The stored carbon is 

converted into a fatty acid polymer (PHA) until the necessary nutrients are available 

again to use that carbon source for energy. In the presence of these nutrients, the 

stored fatty acids are depolymerized (Anderson and Dawes, 1990). The PHAs are 

formed mainly in three forms - short chain length hydroxyalkanoic acids (PHAscL). 

which are consisted of 3-5 carbons in a monomer or medium-chain-length 

hydroxyalkanoic acids (PHAMcL)- which are consisted of 6-14 carbons in a monomer. 
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The third type CL-MCL PHA copolymer ts consisted of both SCL and MCL 

subunits (Nomura et al., 2004). 

The most studied bacteri a m regards to PHA production are the Gram

negati ve Cupriavidus necator species (Anderson and Dawes, 1990, Verlinden, 2007). 

Though there is abundant literature on the various aspects of biosynthesis, molecular 

structure. intracellular and extracellular degradation of PHAs. very little is known 

about PHA inclusion structure. Both Transmission Electron Microscopy (TEM) and 

Atomic Force Microscopic (AFM) analyses have indicated that there are about I 0-14 

inclus ions per cell and the average inclusion size is 300 -800 nm (Anderson et al., 

1990. Dennis et al .. 2003). Proteomic analyses have shown that the major surface 

protein on inclusions is PhaP (Wieczorek et al., 1995. Pieper-Furst et al., 1995, York 

and tubbe. 2002). PhaP is thought to be a structural protein because when the phaP 

gene is deleted the structure of the inclusion is altered (Steinbuchel et al., 1995, 

Pieper-Furst et al. , 1995). The other two prote ins that have been located on the 

surface of the PHA inclusion are. the PHA synthase molecule, PhaC. and PhaR, a 

small protein that is thought to bind with PhaP (Potter et al., 2005). 

Though PhaP is by far the most dominant protein on the surface of the 

inclusion (Wieczorek et al., 1995). little was known about its structure. At one time it 

was thought to cover the surface in a mono layer, but other studies have shown that 

there is insufficient PhaP in the cell to cover all of the inclus ions (Tian et a!. , 2005). 

Dennis et al. (2008) provided a possible explanation by using atomic force 
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microscopy that PhaP exists on the smface of the cell not as a uniform mono layer, but 

as a network. 

How PhaP forms the network on the surface of the inclusion is not known. 

However, there are several clues that suggest that PhaP may embed itself into the 

cytoplasmic membrane of the bacteria and the nascent inclusion forms from the 

periplasmic spaces into the cytoplasm. For instance. Jendrossek el al. (2007) has 

determined that in Ca,yophanon latum very early inclusions are formed in close 

proximity to the cytoplasmic membrane. and may even be attached to the membrane. 

Also, it has been found that other intracellular inclusions, such as magnetosomes, bud 

from the cytoplasmic membrane into the cytoplasm (Komeili et al., 2006). Another 

reason for suspecting the cytoplasmic location of PhaP is that the Dennis lab has 

identified a putative twin arginine translocation (tat) sequence upstream of the amino 

terminus of PhaP. Twin-arginine translocation sequence is a membrane targeting 

sequence that transports folded proteins across the cytoplasmic membrane, or embeds 

them in the membrane (Berks el al .. 2005). In C. necator, this sequence is SRRLNLL. 

which matches well with the consensus tat sequence SRRXFLK (Wickner el al .. 

2005). Because of this putative tat sequence it seems possible that PhaP may be 

embedded in the membrane and from there direct PHA synthesis as the inclusion 

buds into the cytoplasm. 

Preliminary studies in the Dennis lab have indicated that the PhaP may be in 

the cytoplasmic membrane of C. necator H 16. A Western blot of total membrane 



4 

fraction of Cupriavidus necmor using an ti PhaP antibody has indicated the presence 

of PhaP in that fraction. To provide more substantial support to the theory that PhaP 

is embedded in the cytoplasmic membrane, more deta iled stud ies must take place. 

First, we must devise procedures that separate various subcellular fractio ns, such as 

the total cell protein, cytoplasm. cytoplasmic membrane, and outer membranes. The 

second technology that can be implemented to support this research is the 

development of protocol so that the proteins may be isolated from the subcellular 

fractions and analyzed via 20 gel electrophoresis, fo llowed by Western blotting. 

Though I D gel will be able to provide evidence to support the presence of PhaP in 

certajn fraction of the cell, two-dimensional gel electrophores is analysis will yield a 

bigger picture of overall characteristics of the proteomes to be studied. such as the 

distribution of proteins in terms of molecular weight. acid ity/alkalinjty, and presence 

of isomers. 

1.2. Two-dimensional gel electrophoresis analysis 

Two-dimens ional gel electrophoresis is considered a leading method to detect 

and identi fy the proteins present in a sample (O'Farrell 1975). In the first dimension, 

the proteins are separated on the basis of the ir isoelectric point (during isoelectric 

focus ing stage) and in the second dimension, they are separated based on their 

molecular weight (during SD -PAGE gel e lectrophoresis). S ince both of these 

characteristics are independent of each other, this procedure faci litates good 

resolution of the proteins on the gel. The method. however, is somewhat challenging 
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since the samples vary according to their origin (prokaryotic or eukaryotic, gram 

positive/ gram negative) and present unique obstacles in carrying out the two

din1ensional e lectrophoresis. Apa11 from the ir cell structure, the amalgamation of the 

proteins to be studied also creates a problem. These proteins differ in their location, 

hydrophilic ity /hydrophobicity, isoelectric points, molecular weights and other 

characteristics. These characteristics consequently create challenges in making a 

unique universal solubilization buffer for a ll the cells. So an empirically developed 

unique 2-D electrophoresis protocol that will produce sufficient yield of good quality 

proteins is needed fo r C. necator H 16 proteomic analysis. The suitable protocol also 

should be reproducible and compatible with the sample to be studied. (Gorg el al., 

2004). These methods should be easy to replicate and should not change the 

characteristics of the proteins to be studied. 

1.3. Sample preparation 

The first step for sample preparation is homogenization of the sample in 

which the cell s are broken into fragments so that all the cell ular structures are 

exposed to the chemicals used in the later stage of solubi li zation. Mechanical 

methods such as grinding, liquid homogen ization methods such as using French press 

operation, homogenizers etc., freeze/thaw. and bead beater are used to lyse the cells. 

All of these methods have some advantages and disadvantages over the other 

methods. Depending on the nature and origin of the sample (microbial/plant 

tissue/mammalian tissue/animal tissue), the appropriate method should be chosen 
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which will offer better protein yie ld in both quantitative and qualitative manner (Gorg 

et al., 2004). 

The second step is to protect the released proteins. The protection of the 

proteins is necessary to eliminate the possibility of degradation of the proteins and 

artifacts on the gel (RabiUoud 2007. Berkelman 2008). When bacteria l cells are 

fragmented. unwanted materials such as lipids. salts, and enzymes such as proteases 

and nucleases are also released that may interfere with the structure and other 

characteristics of the proteins and create art ifacts on the gels. Polysaccharides and 

DNA may block the gel pores, small ionic molecules may create defects in IEF 

separation. and lipids may bind to proteins and affect their migration on the gel or 

solubility in the bu ffer (Berkelman 2008). So these interfering materials should be 

neutralized or removed from the san1ple. According to Gorg et al .. (2004), protease 

inhibitors are added to inactivate the proteases. trichloroacetic acid and acetone 

precipitation can be used to remove the salts and nucleic acids and D ase and RNase 

can be used to get rid of genetic material. A commercial clean-up kit can be used to 

make the sample free from salt and make it more concentrated as well. (Gorg et al .. 

2004, Berkelman. 2008). 

The third and final step 111 sample preparation is to make a solubilization 

buffer (also known as rehydration buffer) for the san1ple. It is the most impo11ant step 

because the contents of the solubil ization buffer should interfere in the non-covalent 

interactions among the proteins in the sample and also be able to denature the proteins 
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(Rabilloud. 2007). As described by Gorg el al. (2004), the general solubilization 

buffers cons ist of some common chemicals that have been proven helpfu l in 

denaturing po lypeptides. The intramo lecular and intermo lecular interact ions among 

the polypeptides that may give rise to aiiifacts are reduced by denaturation. 

A general recipe for so lubil ization buffer contains chaotropes, detergents, 

reducing agents and ampholytes. Chaotropes are the denaturing agents such as urea 

and thiourea. Urea is efficient in breaking hydrogen bonds whereas thiourea interferes 

in hydrophobic interactions and increases solubi lity of hydrophobic proteins 

(Hurkman et al., 1986, Walter el al .. 2008). Detergents are amphipathic molecules. 

They are c lassified as non-ionic (no charge) or zwitterionic (both charges present but 

net charge is zero) dete rgents. CHAPS (3-[(3 -cholamidopropyl)dimethylammonio ]-1 -

propanesul fonate.Tergitol-type. nonyl phenoxypolyethoxylethanol-40(NP-40), Triton 

X- 100 and sulfobetaines such as Amidosulfobetaine-1 4 (ASB 14) and B 3-10 are 

used as detergents. These chemicals prevent loss of protein due to precipitation and 

aggregation caused due to the interactions among hydrophobic domains of the 

proteins. Reducing agents prevent the re-oxidation of disulfide bonds and thus help in 

protein unfolding (Walter el al., 2008). Dithiothreitol (DTT) or dithioerythritol (DTE) 

or tributylphosphine (TBP) are used as reducing agents. OTT and DTE are not 

compatible wi th proteins with high cyste ine content. Different combinations of these 

detergents and / or reduc ing agents provide a wide range of rehydration 

(solubil ization) buffers to use for optimum quality of two-dimensional gel. 
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Optimization of all of these approaches: 

I . 2-D gel protoco l 

2. Determination of appropriate so lubil ization buffer 

3. Development of efficient cell fractionation procedure 

must be done in order to accomplish the major aim of this project. localization of 

PhaP in the cell. This thes is describes our effo1ts in these areas. Taken together the 

application of these optimized procedures and the resulti ng data suggest that, indeed, 

PhaP is located in the cytoplasmic membrane. 
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CHAPTER 2. MATERIALS AND METHODS 

2.1. Materials 

The fo llowing chemicals and instruments were used in this project. 

Chemicals and buffers - Urea (Bio-Rad Catalog# 161 -073 1 ), thiourea (S igma, 

Lot # 76H0105), 3-[(3-cholamidopropyl)dimethylarnmonio]- 1-propanesulfonate 

(CHAPS) (Bio-Rad Catalog # 16 1-0460), Dithiothreitol (OTT) (Bio-Rad Catalog # 

16 1-0611), iodoacetarnide (Bio-Rad Catalog# 163-2 109) Ampholyte (Bio-Lyte 3-10 

Bio-Rad Catalog # 163-111 2). A B-14 (Sigma. A 1346-1 G), N-lauroylsarcosine 

(Sigma Aldrich product no. L5 l 25-50G) Tributylphosphine (TBP) (Bio-Rad Catalog 

# I 63-2 10 I) were used. HALT protease inhibitor cocktail (Thermo Scientific catalog 

# 1860932),RNase I solution ( 5 Prime Cata log # 2500 130), RQ RNase free ONase 

(Promega, M61 0 A- 25308622). Broad range protein marker (Promega. WJ Catalog # 

V8491), prestained SOS-PAGE marker (Bio-Rad Catalog# 161-0305) were used for 

s ilver staining and the western blot analysis respectively. A silver staining kit (Bio

Rad Catalog# 16 1-0449), Sypro Ruby sta in and methylene blue were used to stain the 

gels. 

Gels and instruments- Bio-Rad laboratory' s 20 SOS-PAGE Standard ( 

Catalog# 16 1-0320). Ready trip non-linear Immobile pH gradient (lPG) strips-I I 

cm (Catalog# 163-2016), Amicon centrifugal fi lter devices- Ultracel-3K membrane 

(Millipore, Catalog # UFC500324). Protean lsoelectric Focusing instrument (IEF 
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cell) (Bio-Rad Catalog# 165-4001 ). Ready Prep Protein Extraction Kit- Total protein 

( Bio-Rad, Catalog# 163-2086 ). Ready Prep Protein Extraction Kit - Membrane II ( 

Bio-Rad Catalog # 163-2084) were used for two-dimensional electrophoresis 

analysis. Beckman Coulter XL-90 ultracentrifuge (Beckman coulter, Brea, CA 

Catalog # 233923) was used for ultracentrifugation. Genesys 20 (Thermo scientific 

Catalog # 4004-000) visible spectrophotometer. Tekmar onic Disruptor in medium 

probe was used for protein assays. 

2.2. Growth a nd preparation of bacterial cells 

A starter culture of C. necator in nutrient broth no. 2 (containing beef extract 

10 gm., peptone IO gm., and sodium chloride 5 gm. in ] liter water) (Difeo Catalog # 

234000) was inoculated from a fresh Nutrient Broth-2 (NB-2) plate. The culture was 

50 ml in 250 ml flasks and was incubated at 30 °c at 150 rpm forl6-18 hours. An 

aliquot of thjs culture was used to inoculate 200 ml of NB-2 media in I li ter flask. 

Thls was incubated as before and cells were harvested after 24 to 48 hours of growth 

by centrifugation at 3,000 rpm for LO minutes in an Eppendorf centrifuge 5810 R 

machine ( Eppendorf Catalog # 5804 709.004). These growth conditions limit PHA 

production because carbohydrate in the fo rm of sugar is limited and nitrogen is not 

limited. The recovered cells were washed with I X Phosphate Buffer Saline (PBS) 

twice and the pellet was stored at 4 °c for further use at most fo r two weeks. 



1 l 

2.3. Sample preparation 

An RNase/ DNase stock solution was made according to the Michigan 

proteome consortium recipe as fo llows: 1 mg/ml D ase [, 0.25 mg/ml RNase, 

500mM Tris/ HCI pH 7.0, 50 mM MgC(i. Before proceeding to the homogenization 

step, a protease inhibitor cocktail containing combination of serine proteases, amido

peptidases, cysteine proteases, metallo-proteases, aspartic acid- proteases (lO µI /ml 

of sample) and nucleases (20 µI of stock solution/400 µI of cell lysate) were added in 

the san1ple to prevent protein degradation and contamination by nucleic acids. 

respectively. For the sample preparation, two methods of mechanical disruption of 

cells were used. bead-beating and sonication. 

Bead Beatillg 

When using bead beater homogenization method. the pooled pellet was 

suspended in about 7-8 ml of PBS and transferred to a 15 ml screw cap container. The 

container was then filled with about 7-8 ml (equal amount) of 0.1 mm of zirconia 

beads (Biospec Catalog # 11 079 IO 1 z) and was placed in a beaker filled with ice to 

prevent the overheating of the sample during the homogenjzation process. The sample 

suspension was homogenized for 30 seconds with a 30 second gap in between two 

successive homogenization bursts. The total duration of homogenization was 5 

minutes. It means that actual bead beater bursts were used for 2 and half minutes. 

After the homogenization, the sample was kept on ice for 2 minutes to let the beads 

settle. The homogenate was transferred into a 15 ml Eppendorf tube and centrifuged 
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at 8,000 rpm for 10 min to remove the unlysed cells and cell debris. The supernatant 

which contained both the total membrane and the cytoplasmic fraction was carefull y 

collected and used for further analysis or stored at 4 °c unti l used for no mo re than 

two weeks. 

S011ication 

The second method used to lyse the cells was sonication. The pooled pellet 

was suspended in 10 ml of IX PBS and transferred into two 15 ml Eppendorf tubes. 

The tubes were placed in a beaker containing ice during the sonication to avoid 

heating of the sample . The san1ple was exposed to sonication under mid-sized probe 

for four seconds at 30% power and an eight seconds break was placed in between two 

successive sonication bursts. After the sonication, the unlysed cells and the cell debris 

were removed by sedimentation at 8,000 rpm in an Eppendorf 5810 R centrifuge w ith 

a fixed angle rotor for IO min. This supernatant, which contained both the total 

membrane and the cytoplasmic fract ion, was carefully collected and used for fu1ther 

analysis or stored at 4 °c until used. 

2.4. Isolation of subcellular fractions 

2.4.1. Obtaining the whole cell fraction (total protein) 

After the growth of cell s. the suspension was centrifuged at 3,000 rpm for I 0 

minutes in Eppendorf Centrifuge 58 10 R machi ne and the pellet was collected. The 

pellet was washed with 1 X PBS buffer tv.ro times and the final pellet was used as total 
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cell/protein fraction. In some procedures, the Bio-Rad·s total protein extraction kit 

(Bio-Rad Catalog # 163-2086). was used according to manufacturer's directions. 

2.4.2. Isolation of cytoplasmic proteins 

The collected total cell sample was homogenized by sonicator or bead beater 

method as described above. After removing unlysed cells and cell debris, by 

centrifugation at 8,000 rpm in an Eppendorf 5810 R centrifuge for IO min, the 

supernatant was collected. The supernatant was then subjected to centrifugation at 

27,000 rpm for an hour in Beckman Coulter XL-90 ultracentrifuge using an SW28.1 

swinging bucket rotor and the supernatant was collected and stored as cytoplasmic 

fract ion at 4 °c until used for analysis. 

2.4.3. Isolation of total membrane 

After collecting the supernatant as the cytoplasmic fraction, the pellet from the 

27,000 rpm centrifugation mentioned in the above section was suspended in IX PBS 

and again subjected to centrifugation at 27,000 rpm for an hour in Beckman Coulter 

XL-90 ultracentrifuge (SW28. I rotor) to remove any remaining cytoplasmic proteins 

from the pellet. The insoluble pellet was collected and stored as total membrane 

proteins at 4 °c. The total membrane protein fraction was also isolated using Bio

Rad's membrane JI kit (Catalog# 163-2084) by fo llowing manufacturer's instructions. 
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2.4.4. Isolation of outer membrane and isolation of cytoplasmic membrane 

The isolation of outer membrane and cytoplasmic membrane was attempted 

using tlu·ee procedures: 

1. To solubilize the cytoplasmic membrane protein away from the total 

membranes N-lauroyl sarcosine was employed to wash the total membrane 

fraction. extracting the cytoplasmic membrane proteins from the mixture. 

This washing was fo llowed by pelleting and washing of the outer membrane 

fraction that was not solubilized. 

2. To extract outer membrane proteins, Sodium carbonate extraction method

Method described by Fujiki et al. ( 1982) and modified by Molloy et al. (2000) 

was used. 

3. Separation o f the cytoplasmic and outer membrane fractions by isopycnic 

sucrose density centrifugation. 

These methods are described in detail below: 

-lauroyl sarcosine treatment to obtain outer membrane 

25 µ I of 5% sarkosyl in 10 mM H EPES, pH 7.4, was added to 225 µI of total 

membrane protein and the solution was incubated for 30 min on tilter at speed of 7 

rpm. This solution was subjected to centrifugation in a W28 swinging bucket rotor 

at 27,000 rpm at 15 °c for an hour. The supernatant was designated as solubi li zed 

cytoplasmic membrane proteins and was stored at 4° C. The pellet was suspended in 
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4.5 ml of 1 X PBS and 0.5 ml of I% N-lauroylsarcosine was added to the solution. 

The sample was incubated for 30 min on ti lter. The solution was then subjected to 

centrifugation in a SW28 swinging bucket rotor at 27.000 rpm at 4 °c for one hour. 

The pellet was suspended in PB and saved as an outer membrane fraction. 

Sodium carbonate extraction method 

A sodium carbonate extraction method described by Fuj iki et al. (1982) and 

modified by Mol loy et al. (2000) was used to extract outer membrane proteins.-The 

total protein sample was resuspended in IO ml of IO mM Tris (pH 7.4)-1 mM MgC!i. 

5 µl of RNase and 5 µ l of DNase was added to sample and sonication was done as 

described earlier. The unlysed cells were removed by centrifugation at 8,000 rpm for 

IO min (Eppendorf 58 10 R fixed angle rotor), and the supernatant which contains a 

mixture of total membrane and cytoplasmic proteins was co llected. This sample was 

then incubated in 10 ml of 0.2 M cold (4° C) sodium carbonate for an hour on ice 

stirring continuously. After incubation. the mixture was ultra-centrifuged at 4° C, 

27,000 rpm for an hour. The supernatant contained cytoplasmic proteins as well as 

loosely attached peripheral proteins and the insoluble outer membrane and 

cytoplasmic membrane proteins were in the pellet. The pel let was designated as total 

membrane fract ion and washed again with IO mM Tris (pH7.4) - I mM MgC12 and 

used for outer and cytoplasmic membrane separation through density gradient. 
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Jsopycnic sucrose density gradient method 

The method described by Filip et al. (1982) was used with few modifications. 

An isopycnic sucrose density gradient was made using 5 ml of 55% sucrose, 3 ml of 

53% sucrose, 3 ml of 51 % sucrose, 3 ml of 49% sucrose, 3 ml of 47% sucrose, 3 ml 

of 45% sucrose, and 8 ml of 35% sucrose in 1 00mM Tris pH 7.4. 10 ml of a bacterial 

total membrane sample collected by using the above mentioned procedures was 

loaded on the sucrose density gradient. The gradient was then subjected to 

centrifugation in the Beckman Coulter SW28 swinging bucket rotor at 27,000 rpm for 

18 how-s at 4 °c. The bands appearing in the gradient were collected and washed with 

IX PBS in ultracentrifuge machine SW28 swinging bucket rotor at 27.000 rpm al 4 

0c for an hour. The pellets were collected and suspended in 500 ~ti of IX PBS for 

further analysis. 

After ultra-centrifugation was complete, the upper band (cytoplasmic 

membrane) was observed al the interface of the 45% and the 35% layers and the 

lower band (outer membrane) was observed at the 51 % and the 49% interphase. Both 

the membrane fractions were extracted and washed with IX PBS in a ultracentrifuge 

machine SW28 swinging bucket rotor at27, 000 rpm at 4°C for an hour. The pellets 

were collected and suspended in 500 ~ti of IX PBS for further analysis. A BCA 

protein assay (Thermo Scientific product # 23236) was used to quantitate the 

proteins. 
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2.5. Protein quantification 

The method described by Lowry et al. ( 195 1) was used to quantitate the 

proteins in different cell fractions by using Bio-Rad 's detergent compatible (DC) 

protein assay (catalog # 163-011 6). Bovine serum albumin (Bio-Rad catalog # 163-

0112) was used as a standard for these protein assays. For some procedures a BCA 

protein assay (Thermo Scientific product # 23236) was used to quantitate the 

proteins. 

2.6. 1D SDS-PAGE 

1 D SD -PAGE was performed according to protocol by using a Criterion cell 

(Bio-Rad catalog # 165-600 I). After protein quantitation, various amounts of protein 

fractions (total cell, total membrane, cytoplasmic protein etc.) were suspended in 

dH2O and Lammelli dye was added. The samples were then denatured by boil ing in 

100 °c water for 5 min and centrifuged at 13.000 x g for 3 min. A Prestained low 

range protein marker (Bio-Rad catalog # 161-0305) was used. The electrophoresis 

was carried out at l 00 volts for 2 hours. Western blot analysis was done on the gel. 

2.7. Generation of antibody to PhaP 

Antibodies were generated using a commercial vendor, Pacific Immunology. 

The amino acid sequence of PhaP was sent to the vendor and they identified a 12-

amino acid peptide sequence that was both immw1ogenic and li kely to be exposed. 

The peptide was synthesized and used to immunize two rabbits. After 13 weeks, the 
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serum from the rabbits was collected and affinity purified. The antibody had an 

effective titer of 1 :20,000 in ELISA. The amino acid sequence used to make the 

antibody was CA YYNDTRN DADP. 

2.8. Western blot analysis 

Separated proteins from the gel (either one dimensional or two dimensional 

gel) were transferred to nitrocellulose membrane. Bio-Rad Transblot secondary 

transfer cell was used fo r transfer of proteins to the nitrocel lulose membrane. Affinity 

puri fied peptide specific anti PhaP antibody was used as primary antibody with 

1: 1000 dilution. Western Breeze kit (Invitrogen catalog # WB7 l 05) for Western blot 

was used for this analysis according to manufacturer's instructions. 

2.9. Two-dimensional gel electrophoresis analyses 

Various solubi lization buffers were made using recipes from the literature 

(Twine et al, 2005. Gorg et al 2004). The buffer generally contained the combination 

of chaotropes (urea and thiourea). zwitterionic detergents (CHAPS and/or 

sulfobetaines). reducing agents (DTT and/or TBP). and carrier ampholytes. 

The lPG strips were passively rehydrated with the appropriate concentration 

of protein (~50 µg) in about 250 µI of rehydration buffer for about 20-24 hours at 

room temperature. Isoelectric focusing was carried out in a protein IEF chamber (Bio

Rad, Hercules, CA) according to one of the two protocols. The Protocol I was 

according to Twine et al. (2005) as follows: 200 volts for one hour, 500 volts fo r one 
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hour, 6 hours ramp to 5000 volts, hold at 5000 volts for 12 hours. After this step, hold 

the focused IPG strips at 500 volts for 4 how-s to prevent d issociation of proteins. 

This step can be interrupted any time since IEF is already completed by this stage and 

this step is used to provide leeway before processing the IPG strips. The second 

protocol was as follows: 150 volts for 1 hour, 6000 volts ramp fo r 5 hours, hold at 

6000 volts for 12.5 how-s, and 500 volts for 4 hours. 

The IPG strips were equilibrated with the equilibration buffers. Buffer I 

contained 2% SDS, 50mM Tris/HCL pH 8.8, 6M urea. 20% glycerol and 1 % DTT. 

Equilibration Buffer II contained 2% SDS, 50mM Tris/HCL pH 8.8, 6M urea, 20% 

glycerol and 4% iodoacetamide. The IPG strips were equi.librated for 15 min in each 

equilibration buffer, first in buffer I fo llowed by equi libration in buffer II and were 

washed in I X gel running buffer ( 0.25M Tris base, 1.9M +glycine, 0.035M SDS to 

make 10 X running buffer) for one minute. The strips were then loaded on the precast 

I 0-20% Tris-HCL gels. 1 µ l of broad range protein marker (Bio-Rad, Hercules CA) 

was used for molecular weight determination. The electrophoresis was carried at l 00 

volts for 2 hours at room temperature. The gels were stained with silver stain (Bio

Rad) or with Sypro Ruby Stain (Bio-Rad) and the gel images were scanned and stored 

for further analysi s. 
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CHAPTER3. RESULTS 

3.1. Methods used for subcellular fractionation 

Figure l represents different cell fractionation techniques used for subcellular 

proteomic study. Bacterial cells grown in culture were harvested and washed two 

times with 1 X phosphate buffer solution (PBS). The pellet was stored at 4 °c and 

used as tota l protein sample. It was also used for further extraction of other 

subcellular fractions. After undergoing homogenization though sonication or a bead 

beater method, the unlysed cells were removed by centrifugation at 8,000 rpm for 10 

min (Eppendorf 58 10 R fixed angle rotor) and supernatant was recovered. The 

supernatant then was subjected to centrifugation at 27,000 rpm (Beckman SW28 

rotor) for an hour and the supernatant was collected and stored as cytoplasmic 

proteins. To remove any unwashed cytoplasmic proteins from the total membrane 

fraction, the sample was subjected to centrifugation again as described earlier and the 

pellet was saved as total membrane sample. After this stage, N-lauroyl sarcosine 

treatment, isopycnic sucrose density gradient or sodium carbonate methods were used 

as described previously. 
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Figure 1. Schematic representation of methods used for subcellular fractionization 

3.2. Specificity of antibody against PhaP 

The specific ity of our anti-PhaP antibody was tested using Western analyses. 

Total protein samples from the wild type C. necator HJ 6, phaP mutant C. necator 

I-116, wild type E. coli and recombinant E. coli with PhaP plasmid were used. PhaP 

is a 20 kD protein (Potter et al. , 2004). As expected, a band corresponding to this 

protein appeared in both positive controls (wild type C. necator H 16 and E. coli with 
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PhaP plasmid). The negative controls - PhaP mutant C. necator I-I 16 and wi ld ty pe 

E. coli did not show the band. There were other bands that appeared on the gels such 

as two bands which appeared in both the wild type and PhaP mutant C. necator 

san1ples. One similar band appeared in wild type E. coli sample. 

1 2 3 4 

Lane 1- C. necator I-I 16 wild 
type. 

Lane 2 - C. necator H 16 PhaP 
mutant 

Lane 3- E. coli wild type 

Lane 4 - Reconsti tuted E. coli 
with PhaP plasmid 

Figw-e 2. Western blot ana lysis was performed as described in methods and materials 
using affinity purified anti - PhaP antibody to study the specificity of the antibody. C. 
necator I-11 6 wild type and the reconstituted £. coli were used as positive controls ( 
well 1 and well 4 respectively) and C. necator H 16 PhaP mutant and the wild type E. 
coli were used as negative control for the presence of this protein.(well 2 and well 3 
respectively). 

This appearance o f multiple bands might be because of the pept ide used to 

make the antibody. The antibody was peptide specific. The peptide sequence was 

CA YYNDTRNSDADP. There is possibi li ty that if other prote ins in any of the 

samples tested share this peptide sequence with PhaP protein; they might show up on 

Western blot analysis. So that might be the reason why there were more bands at 

different molecular weights than expected. To find out the similarities among the 

samples, the Basic Local Alignment Search Tool (BLAST) database search was 

performed . However it did not yield any matches that show the s imi larity between the 
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peptide sequence used in anti-PhaP antibody and in £. coli. proteome. Hence, it is 

unclear why the lighter band appeared in the lane 3 representing wild type E. coli. 

3.3. Effects of reducing agents and isoelectric focusing protocols 

Different commonly used reducing agents (DTT and TBP) and two different 

isoelectric focusing protocols were tested to examine which one gives better resu lts. 

A comm ercially available 2 D SDS-PAGE standard (Bio-Rad) was used to compare 

the images with each other. Figure 3 is a reference figure obtained from the 

manufacturer (Bio-Rad) shows the respective locations of the proteins used in the 

standard according to thei r isoelectric points and molecular weights. 
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Figure 3. Two-dimensional electrophoretic protein pattern of 2D
SDS PAGE standards. (www.bio-rad.com) 
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This standard was used to compare the quality of two-dimensional gels 

obtained from different solubi lization buffers when the protein sample is constant. 

The following four rehydration buffer combinations were used to study the 

effects of reducing agents on the abundance and quality of protein representation on 

the two-dimensional SDS- PAGE standard. 

Table 1. Different rehydration buffers used to study the effects of reducing 
agents such as DTT and TBP on the protein abundance and resolution 

A B C D 

7 M urea Present Present Present Present 

2 M thiourea Present Present Present Present 

CHAPS 0.80% 4% Absent 4% 

ASB-14 1% Absent 0.50% 0.50% 

DTT Absent Absent Absent 1% 
Ampholyte 3-
10 0.50% 0.50% 0.50% 0.50% 

TBP 2mM 2mM 2.5mM Absent 

To find the suitable reducing agent for C. necator H 16 proteomic analysis, the 

above mentioned fou r buffers were studied using a commercial two-dimensional 

SDS-PAGE standard. Isoelectric focusing protocols were also compared 

s imultaneously (Figure 4A-E). T he main purpose of using this standard was to 

evaluate the combinations of different reducing agents and IEF protocols as well as 

various types and concentrations of detergents against ce11ain constant protein 

preparation. This will help to identify the problems with cell fractionation method and 

/or with the rehydration buffer recipes independently of each other. Thjs two-
/ 
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dimensional image of the standard was also used to evaluate the resolution of the 

protein spots expressed in a pai1icular gel. 

The gel images show that the solubi lization buffer A gave very good results in 

terms of the resolution of spots (Figure 4A.). All the protein spots except number 5 

(Bovine carbonic anhydrase) appeared on the gel. The isoforms in number 1 (Hen egg 

white conalbumin), number 3 (Bovine muscle actin) and number 4 (Rabbit muscle 

GAPDH) were also represented and the appearai1ce was sharp and clear (Figure 3 and 

Figure 4A.). T here was no horizontal or verti cal streaking or other aitifacts on the gel. 

On the other hand, solubil ization buffer D containing 1 % OTT did not work out as 

well (Fi.gure 4B.). The problems were particularly seen in the acidic area of the gel 

(whlch is on the left s ide of the reader, indicated by lower pH values on the isoelectric 

point range on the reference gel). Number 6 prote in (Soybean trypsin inhibitor) barely 

appeared and a lso was in diffused form (Figure 3 and Figure 4B.). In general, acidic 

proteins did not appear as cleai· and distinct as they did in previous gels. For both of 

these gels, IEF protocol I was used. 

In the second set of gels which were run usmg IEF protocol II, the gel 

representing rehydration buffer B ( Figure 4C) worked better as compai·ed to the gel 

representing rehydration buffer D (Figure 40). In the gel representing buffer B, 

alkaline proteins especially number 7 (equine myoglobin) appeared more distinctly 

than in gel representing using buffer D. 2 mM TBP was used as a reducing agent in 

solubil ization buffer B while 1 % DTT was used in buffer D. The rehydration buffer 
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combination was same for both the gels in Figure 48. and Figure 4D however the IEF 

protocols were different. In that sense, IEF protocol I seems better than IEF protocol 

ll. The last gel was run using the fo urth protocol- rehydration buffer C (Figure 4E) 

and IEF protocol II. It contained 2mM TBP and it also worked very well. A ll the 

protein spots appeared distinctly (Figure 3 and Figure 4E). The rehydration buffers 

used contai ned different types as well as concentrations of the detergents. These 

detergents might have played role in better solubilization of the sample or its 

resolution on the gels affecting the quality of the results. Thus the presence of 

variable detergents in these solutions makes it difficult to evaluate the role of 

reducing agents. However, the rehydration buffers containing TBP as a reducing 

agent showed better results (Figure 4A, 4C, and 4E) than the buffer containing DTT 

as a reducing agent (Figure 48 and 4D) despite the detergents or IEF protocols used. 

The standard picture shows the IPG strip which was 7 cm (Figure 3). The IPG strips 

used for these experiments were 11 cm. So the pattern is little different than how it is 

represented on 7 cm IPG strip. 
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Figure 4A. 2D gel of E. coli protein 
standard using solubilization buffer A 

and IEF protocol I. 
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Figure 4C. 2D gel of E. coli protein 
standard using solubil ization buffer B 

and IEF protocol II. 
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Figure 48 . 2D gel of E. coli protein 
standard using solubiJ ization buffer D and 

IEF protocol I. 

Figure 4D. 2D gel of E. cob protein 
standard using solubi lization buffer D and 

IEF protocol 11. 

Figure 4E. 2D gel of E. coli protein 
standard using solubilization buffer C and 

IEF protocol II. 

Figure 4A-E. Comparison of reducing agents and IEF protocols to produce optimum 
protein representation on two-dimensional gel. 
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3 .4. IEF protocols 

Two different isoelectric focusing protocols (Table 2) were compared. The 

protocols differed in the duration of the total run. The sequence of voltages and other 

times were kept consistent throughout the run. 

There was not much difference found with the quality of gels and abundance 

of proteins represented in regard to the isoelectric focusing protocol used. First, the 

protocols used were not much d ifferent from each other in terms of total volt hours. 

The literature shows a wide range of protocols used from about 30,000 volt-hours 

(Molloy et al., 2000) to around 90.000 vo lt-hours with not much variety in the results 

(Hasona et al. , 2005). lt has also been found that though a11ifacts appear due to under 

focusing during the first dimensional run; over focusing is generally not a problem 

until total volt-hours run above the I 00,000 volt- hours limit (Gorg et al .. 2004). 

Table 2. The evaluation of IEF protocols to analyze the effectiveness of first 
dimensional run 

Steps IEF protocol I IEF protocol II 

1. 200 volts for I hour 150 volts for I hour 

2. 500 volts for I hour 6000 volts ramp fo r 5 hours 

3. 5000 volts ramp fo r 6 hours Hold at 6000 volts for 12.5 hours 

4. 5000 vol ls for IO hours 500 volts fo r 4 hours 

5. 500 volts for 4 hours ------------------------------------
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3.5. Comparison of homogenization methods 

Methods of mechanical disruption of bacterial eel ls are very important to 

break open the cells . Sonication as well as the bead beater method was used to 

evaluate which homogenization method gives better yield of C. necator proteins. 

Earlier in our work we fo und that the bead beater method offered better results than 

the sonication method. In an experiment to assess the effectiveness of these methods, 

the cells were fractionated using either method as described in materials and methods 

section and different subcellular proteomes such as outer membrane and cytoplasmic 

membrane were isolated tlu·ough isopycnic sucrose gradient based on their 

characteri stic densities. These fractions were then used for western blot analysis using 

an affinity purified peptide specific anti-PhaP anti body. The results demonstrate that 

the cytoplasmic membrane fraction derived from the bead beater method contains the 

PhaP which does not appear in outer membrane fraction from the same sample. In 

sonicated san1ple, however, the protein appears in both the outer membrane and the 

cytoplasmic membrane fractions. 

ln another homogenization method comparison experi ment, the total protein 

extract was either subjected to son ication or bead beating as descri bed in the materials 

and methods section. The resulting san1ples were centrifuged at 8,000 rpm for 10 min 

(Eppendorf 58 10 R fixed angle rotor) and un lysed debris was removed. A sucrose 

step gradient was made with 4 ml of 65% sucrose in 25 mM of Tris pH 8 on the 

bottom and 18 ml of 40 % sucrose in 25 mM of Tris pH 8 on top. The total 
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membrane sample treated with either of the two homogenization methods was placed 

on the prepared gradient. The grad ients were subjected to centrifugation at 27,000 

rpm for an hour at 4 °c. After ultracentrifugation, the upper band was observed at the 

interface of sample and 40% sucrose. The lower band was at the interface of 65% 

sucrose and 40% sucrose. Both the bands as well as any material above them were 

collected. Four density gradients were made in 25 mM Tris pH 8.0 with 3 ml of each 

70%, 58%, 52%, 48%, 40%, and 30% sucrose. Sonicated top, sonicated bottom, bead 

beater top and bead beater bottom samples collected from a previous experiment were 

loaded on the gradients. The gradients were subjected to centrifugation at 27,000 rpm 

for 16 hours. At the end of the ul tracentrifugation, clear bands were observed at 

sonicated bottom, sonicated top and bead beater bottom sample gradients. It 

demonstrates that these fractions were well separated from each other based on their 

densities. 

The bead beater top did not work out very wel l. That band was too diffuse. 

The samples were collected by piercing a ho le at the bottom of the tube with a 25 

gauge needle and every ml was collected and diluted by add ing 2 ml of 25 mM Tris 

buffer. The mixtme was vortexed and Optical Density was read at 600 nm (Figure 5). 

The measurement of optical density was used as the parameter for the presence of the 

cellular fraction at that density level. The more fractions (protein) present in the 

solution, the higher will be the optical density of the solu ti on. 
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The graphs in Figure 5 showing these two different phases demonstrate that 

each fraction was contaminated with each other and illustrate the challenges of 

getting pw-e sample. This cause of impurity in membrane samp.les may affect some of 

the results. 
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Figure 5A. The separation of outer 
membrane and cytoplasmic membrane 
bands in isopycnic sucrose gradient 

treated with sonication. 
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Figure 5A and B. Comparison of effectiveness of sonication and bead beater 
homogenization methods. Total membrane samples collected by using either 
sonication or bead beater method were loaded on 65%-40% sucrose density gradients, 
The respective bands were collected, purified and were loaded again on 70%, 58%, 
52%, 48%, 40%, and 30% sucrose and subjected to centrifugation at 27,000 rpm for 
16 hours. The fractions of gradients (every milli liter) were collected by piercing hole 
at the bottom and diluted 2X with 25 mM Tris pH 8. Optical readings were taken at 
600 nm and the data was plotted. 
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3.6. Modification of the solubilization / rehydration buffer 

To find the most suitable rehydration buffer which would optimize the 

solubilization and representation of proteins, various recipes of rehydration buffers 

were used. The chaotropic agents are the chemicals that denature the 

macromolecules such as DNA, RNA or proteins. These agents can disrupt the 

hydrogen bonds and hydrophobic bonds wl1ich lead to the unfolding and denaturation 

of proteins. Generally, a high concentration of urea (about 9 M urea) was used as a 

chaotropic agent (Potter et al., 2004). Recently it has been found that use of 2 M 

thiourea efficiently helps to break hydrophobic interactions (Rabi lloud et al., 2008), 

so no change was made in the chaotropic contents of the trial rehydration buffers The 

chaotropic agents such as the urea and thiourea were uniformly included in the same 

concentration (7 M urea and 2 M thiourea) in all the combinations of solubilization 

buffers. 

The next most important ingred ient is the reducing agent. The reducing agents 

are necessary to break intra-molecular and inter-molecular disulfide bonds. 

Dithiothreitol (DTT) and tributyl phosphine (TBP) were used as reducing agents in 

different quantities to study how they affect the resolution and the abundance of 

proteins on the two-dimensional gel by using 2 D SOS-PAGE standard as descri bed 

earlier (Figure 4A-4E) 

The next important ingredient of the solubilization/ rehydration buffer is the 

detergent. These are generally amphipathic molecules with polar heads and non- polar 
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tail structure. They may be charged, uncharged or zwitterionic (both charged groups 

are present but no net charge on the pa11icle). For two-dimensional electrophoresis 

analysis, uncharged or zwitterionic detergents are preferred since charged particles 

are more likely to interfere with the migration of proteins in the first dimensional run. 

In this experiment. two detergents 3-[(3-cholamidopropyl) dimethylarnmonio ]-1-

propanesulfonate (CHAPS) and sulfobetaines (ASB I 4or SB 3-10) were studied for 

their compatibility for C. necator H1 6 proteomic analysis. 

3.6.1. Effects of detergents 

The following buffer recipes were used to eva luate the effects of detergents. 

The first rehydration buffer tried was used by Molloy et al. (2000) to extract 

E. coli outer membrane proteins. It contained 7M urea. 2M thiourea, 1 % ASB 14, 2 

mM TBP, 0.5% ampholytes and trace amount of bromophenol blue. 

The second rehydration buffer was previously used by Twine et al. (2005). 1t 

was modified by using 0.5% ASB 14 instead of using 1 % ASB-14 as was done in 

that study. The final recipe of this buffer contained 7M urea, 2M thiourea, 4% 

CHAPS, 0.5% ASB I 4, 1 % OTT, 0.5% ampholyte and trace amount of bromophenol 

blue. 

In the third buffer, OTT was replaced with TBP. It contained 7M urea, 2M 

thiourea, 4% CHAPS, 1 % ASB 14, 2mM TBP, 0.5% an1pholyte 0.002% bromophenol 

blue. 
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In the next two buffers, the amount of CHAPS was only changed from 4% to 

3% and 2% respectively to examine the difference in pattern. So the foutth 

rehydration buffer conta ined7M urea, 2M thiourea, 3% CHAPS, I% ASB 14, 2mM 

TBP, 0.5% ampholyte and trace amounts of bromophenol blue. The fifth rehydration 

buffer contained 7M urea, 2M thiourea. 2% CHAPS. 1% ASB14, 2mM TBP, 0.5% 

ampbolyte and trace amount of bromophenol blue. 

Table 3 is a summary of the contents and concentrations of all rehydration 

buffers used for detergent compatibility experiments. 

Table 3. Different so lubilizatioo buffers used to compare the effects of 
zwitterionic detergents- CHAPS and ASB14 

Solubil ization buffer 

I II Ill lV V 
Urea 7M 7M 7M 7M 7M 

Thiourea 2M 2M 2M 2M 2M 

CHAPS -- 4% 4% 3% 2% 

ASB 14 1% 0.50% 1% 1% 1% 
DTT -- 1% -- -- --
TBP 2mM -- 2mM 2mM 2mM 

Ampholyte 0.50% 0.50% 0.50% 0.50% 0.50% 

Bromophenol 
0.00% 0.00% 0.00% 0.00% 0.00% 

Blue 

SDS is a frequently recommended detergent for complete protein denaturation 

and solubilization. Consequently, 0.5% DS was used in I 00 mM Tris pH8.8 solution 

to evaluate the change in protein abundance on two-dimensional gel as compared to 

the CHAPS and sulfobetaines. (Figure 5A and 5B). The total cell pellet was sonicated 
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as desc1ibed above in both the presence and absence of 0.5% SD . 2-0 

electrophoresis was carried out. The results show that in the absence of SOS, the gel 

displayed a small number of proteins. On the other hand, the sample which was 

solubi lized in OS showed better representation and resolution of proteins especially 

low molecular weight proteins. OS seems more effective in solubilization· however 

there was noticeable streaking on the gel which might have arisen due to 

incompatibili ty of SOS with the IEF procedure (Stanley et al., 2003) because of its 

negative charge. 

In rehydration buffer I, sulfobetain ASB 14 was used as a detergent (Figure 

6). Significant vertical streaking was observed especially in the acidic region of the 

gel. Resolution was also not satisfactory. ln basic regions, there was horizontal 

streaking and the proteins represented were not as abundant as expected. ASB 14 is 

known fo r its ability to solubilize more basic proteins (Stanley et al. , 2003). In this 

gel, however. very few basic proteins appeared. 

1 00 -

25-

1 5-
10 -

Figure 6. Total membrane fraction of C. necator H 16 solubi lized in 7M urea, 2M 
thiourea, 1% ASB14, 40 mM Tris base, 2 mM TBP, 0.5% ampholyte, 0.002% 
bromophenol blue. IEF protocol- 200 vo lts for 1 hour, 500 volts for 1 hour 5000 volts 
6 hours ramp, hold at 5000 volts for 10 hours keep at 500 volts for 4 hours 
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Since using ASB 14 alone did not work satisfactorily in previous experiment, 

the combination of two detergents 4% CHAPS, 0.5% ASB 14 was used (rehydration 

buffer II). The N-lauroyl sarcosine extraction method was used to extract cytoplasmic 

membrane and outer membrane proteins as described above and two-dimensional 

electrophoresis was done. The images show that the total protein gel failed to 

represent the abundance of proteins (Figure 7). Particularly high molecular weight 

proteins were absent. It suggests that there might be a problem w ith solubilization of 

the san1ple. The gel images of the cytop lasmic fraction (Figure 7B) and the total 

membrane fractions (Figw-e 7C.) were acceptable. The outer membrane fraction did 

not show many proteins (Figure 70 ). Most of the proteins in this fraction were 

alkaline prote ins. The horizontal and vertical streaking was present in total cell and 

the cytoplasmic cell fraction of san1ple. ASB 14 might have played a role in the 

abundance of proteins observed in the cytoplasmic fraction and the total membrane 

fraction of C. necator HI 6. Though same rehydration buffer was used for all of these 

samples, the results are markedly different. It shows that the prote ins from different 

fractions of the san1e cell react differently to the composition of the rehydration 

buffer. Thi s problem can be answered by using different rehydration buffers for each 

cel l fraction to get maximum resolution of proteins. In this study however, one 

combi nation of detergent/detergents, reducing agent and JEF protocol was designed 

to get optimal results in all the fractions of the bacterial cells. 



Figure 7A. H1 6 NB Whole cell Protein 

.... 

Figure 7C. H1 6 NB total membrane 
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Figure 7B. H 16 NB cytoplasmic proteins 

-

Figure 70 . H16 NB Outer membrane 

proteins 

Figure 7 A-O. C. necator Hl 6 cells were grown on NB media and Bio-Rad' s total 

protein extraction kit was used to obtain the total protein, total membrane protein and 

the cytoplasmic protein, were co llected as di scussed above. The membrane fraction 

was incubated in l % N-Lauroyl Sarcosine for 30 min and subjected to centrifugation 

as described previously. The solubi lization buffer contained 7M urea, 2M thiourea, 

4% CHAPS, 0.5% ASB14, 1% OTT, 0.5% ampholyte and 0.002% ofbromophenol 

blue. The IEF protocol used was 150 v. for an hour, ramp to 6000 v. over a period of 5 

hours hold at 6000 v for 12.5 hours, 500 v. for 4 hours. The equilibration and the 

second dimension run were carried out as explained above. The gels were silver 

stained according to manufacturer' s directions. 

Since this method fai led to extract the total protein, another rehydration buffer 

recipe was designed. The total protein san1ple was extracted as described above and 

divided in three equal parts. Each part was then treated differently. The first pellet 

was treated with nucleases and protease inhibitors only. The second part was purified 
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and concentrated by using Amicon centrifugation method. The third part was treated 

pur.ified and concentrated with Bio-Rad's CleanUp kit. (Figure 8A-8C). 

All these samples were then so lubilized with the buffer containing 4% 

CHAPS and 1 % ASB 14. The combination worked better than previously tested 

combinations. The quality of gels in tem1s of both, protein abundance and resolution 

was increased significantly. There was virtually no horizontal or vertical streaking in 

gels representing Amicon filtered samples (Figure 8B) and C leanUp kit treated 

sample (Figure 8C). Though untreated total prote in sample (Figure 8A) showed some 

streaking, it was minor as compared to the gels previously run . Wide ranges of 

proteins were displayed and especially prominent presence of alkaline proteins was 

discerned fo r the first time. 

In thi s experiment, sample 2 and sample 3 were purified and concentrated 

usmg Amicon centrifugal unit and Bio-Rad's CleanUp kit respectively. These 

techniques removed the salts and other impurities which might cause artifacts such as 

streaking on gels. Horizontal streaking generally takes place when the impurities or 

charged particles a re present in the sample during IEF. The presence of these 

contaminants during the second dimensional run (SDS-PAGE) causes vertical 

streaking on the gels. Since all of the samples showed protein abundance and clarity 

of spots, the combination of rehydration buffer, especially detergents and the 

reducing agents, seems to be suitable fo r the sample preparation. 



Figure 8A. Total protein sample 

Figure 8C. Total protein sample treated 
with CleanUp kit (Bio-Rad) 

Figure 8B. Total protein sample 
concentrated using Arni con fi lters 
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Figure 8A-C. The total cell protein samples collected from the C. neca/or Hl 6 cell s 
as described above. After sonication, the sample was divided in three equal parts and 
processed as following-sample 1 was solubi lized in buffer contain ing 7M urea. 2M 
thiourea, 4% CHAPS, I% ASB 14, 2mM TBP, 0.5% ampholyte and 0.002% 
bromophenol blue. (Figure A) Sample 2 was purified using Amicon centrifugal fi lter 
to remove the impurities. (Figure B). Sample 3 was treated with the BioRad 's 
CleanUp kit to remove the salts and other contaminating particles to purify the 
product. After respective treatments, the same rehydration buffer used for sample 1 
was used to solubilize the sample 2 and sample 3 (Figure C) The IEF protocol used 
was 150 v. for an hour, ramp to 6000 v. over a period of 5 hours hold at 6000 v fo r 
12.5 hours, 500 v.for 4 hours. The gels were then stained with Sypro Ruby stain 
according to manufacturer's directions. 
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A different combination of detergents: 3% CHAPS and 1 % ASB 14 was used 

to evaluate if it worked better than the combination of 4% and 1 % respectively. The 

results show that there was noticeable vertical streaking in the total cell sample 

(Figure 9A). It might be due to the impurities in the sample such as lipids and salts or 

due to poor solubilization of proteins in the solubilization buffer or a combination of 

both. The protein abundance was observed only in total prote in and not in 

cytoplasmic proteins (Figure 9B) or total membrane prote ins (Figure 9C). The total 

membrane protein gel also shows the prominent front at the bottom. Low molecular 

weight proteins are virtually absent from the total membrane gel and are rare in the 

cytoplasmic protein fraction of the gel. These results show that the combination of 

detergents 3% CHAPS and I % ASB-14 is not as effective as previously tested 

combination of 4% CHAPS and 1 % ASB-14. 



.. 

. ... 

Figure 9A. C. necator H16 total cell 
proteins 

Figure 9C. C. necator HI 6 cytoplasmic 
proteins 
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Figure 9B. C. necator H 16 cytoplasmic 
proteins 

Figure 9A-9C. The C. necator HI 6 cells were fractionated and subcellular prote ins 
(total cell, cytoplasmic proteins and total membrane proteins) were isolated as 
described above. All the fractions were solubilized in a buffer containing 7M urea, 
2M thiourea, 3% CHAPS, 1 % AS Bl 4 2mM TBP, 0.5% arnpholyte and trace amount 
of bromophenol blue. The IEF protocol used was 150 v. for an hour, ramp to 6,000 v. 
over a period of 5 how-s hold at 6,000 v for l 2.5 hours, 500 v. for 4 hours. The gels 
were then stained with Sypro Ruby stain according to manufacturer' s directions. 

In the next experiment, SOS was used as the detergent. Literature shows that 

SDS is very effective to solubilize proteins (Gorg, 2004) so it was used during the 
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homogenization process and later a different rehydration buffer (with different 

combination of detergents) was used to solubilize the sample. 

Ln the gels shown in Figure 10, the sample treated with 0.5% SDS shows more 

protein abundance (Figure 1 OB) than the gel which was not treated with it (Figure 

1 0A). SDS also caused significant vertical as well as horizontal streaking on the gel 

especially on the acidic/neutral p01tion of the gel. The abundance and or streaking 

cannot be totally attributed to presence of SOS since both of these observations may 

have been due to different so lubi lization buffers . 

... 

... 

... , 
Figure l0A and B. The total cell protein sample was divided in two equal parts. One 
part was resuspended in 50 mMTris pH 8.8 and the other pellet was resuspended in 
100 mM Tris pH 8.8 and 0.5% SOS. Protease inhibitor was added and sonication was 
done as described above. After sonication, the samples were centrifuged for 30 min at 
I 0,000 rpm and total protein was retri eved. Two different solubilization buffers 
differing in the detergent content were used. The first rehydration buffer contained 
7M urea, 2M thiourea, 4% CHAPS, 2.5mM TBP, 0.5% an1pholyte and 0.002% 
bromophenol blue. The other buffer contained 7M urea, 2M thiourea, 2% CHAPS, 
1% ASB14, 2.5mM TBP, 0.5% ampholyte and trace amount ofbromophenol blue. 
RC-DC protein assay was done to quantitate the proteins as described above. I D gel 
was used to determine the quantity of the protein to be loaded on two-dimensional 
gel. The equilibration and second dimension gel was run as described above. The IEF 
protocol used was 150 v. for an hoUJ, ramp to 6000 v. over a period of 5 hours hold at 
6000 v for 12.5 hours, 500 v. for 4 hours The gels were then stained with Silver stain 
accordin to manufacturer's directions. 
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Table 4 summarizes diffe rent solubilization buffers used and their results in 

the form of prote in abundance. resolution and any artifacts such as streaking appeared 

on two-dimensional gels. 

Table 4. Summary of the different solubilization buffers used and the 
b t 'f fb . b d c arac ens 1cs o t e images o serve 

Solubilization buffer 
I II III IV V 

Urea 7M 7M 7M 7M 7M 

Thiourea 2M 2M 2M 2M 2M 

CHAPS -- 4% 4% 3% 2% 

ASB14 1% 0.50% -- 1% 1% 

DTT -- 1% 50mM -- --
TBP 2mM -- -- 2mM 2mM 

Ampholyte 0.50% 0.50% 0.50% 0.50% 0.50% 

Bromophenol 
0.00% 0.00% 0.00% 0.00% 

Blue 
--

Vertical 
streaking in Vertical 

Prominent 
acidic and Protein Protein and 

solvent 
Results 

neutral abundance. abundance. horizontal 
fro nt. 

region of No Mild streaking. 
Poor 

two- streaking streaking Poor 
resolution. 

dimensional resolution 
gel. 

To reduce the streaking and to evaluate if another combination of CHAPS and 

ASB 14 will work better, the samples were treated with a commercial CleanUp kit. 

As the gels in Figw-e 11 show, this treatment did not improve the quality of SDS gel. 

However, the gel without SDS treatrnent had better resolution and abundance of 

proteins. 



• 

Figure 1 I A and B. Total proteins retrieved from the E. coli LB samples were 
suspended in 50 mM Tris pH 8.8 and in 100 mM Tris pH 8.8 and 0.5% SDS as 
described above. BioRad 's CleanUp kit was used to make the samples more 
concentrated and free of contaminants. Solubi lizati on buffer 7M urea, 2M thiourea, 
2% CHAPS, 1% ASB14, 2.5mM TBP, 0.5% ampholyte and trace amount of 
bromophenol blue was used to solubili ze the proteins and the IEF was run at 150 v. 
fo r an hour ramp to 6000 v. over a period of 5 hours hold at 6000 v for 12.5 hours, 
500 v. for 4 hours. The equilibration and second dimension run was carried out as 
explained above. The gels were then stained with Silver stain according to 
manufacturer's protocol. 
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BioRad 's total membrane extraction kit (membrane II) was used with the total 

membrane sample. It gave good results with minimal streaking and better abundance 

of proteins (Figure 12A). Literature shows that PhaP has an isoelectric point of 6.0 

and molecular weight around 20 kD (Potter et al. , 2004 ). The two-dimensional gel 

shows proteins which match this descri ption. The spot appeared as a group of three 

proteins. Since the literature also supports the ex istence of homo logs of PhaP (Potter 

et al. , 2004), there is a possibility that these prote ins are homologs of each other. To 

ensure that the protein is PhaP, western blot analysis was done using anti PhaP 

antibody. The blot shows the presence of two distinct proteins (Figure 128). The 
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distinct spot seems like PhaP (red arrow in Figure 12B) and the smaller spot (black 

arrow in Figure 12B) appears to be homo log of PhaP. 
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Figure 12A and B. Figure A is the image of total membrane protein extracted with the 
use of Bio-Rad's two-dimensional total membrane extraction kit (membrane II). The 
commercial rehydration buffer used for this experiment contained 7 M urea, 2M 
thiourea, 4% CHAPS, 50 mM OTT, 0.5% Ampholyte, and 0.002% bromophenol 
blue. IEF protocol used was l 50 v. for an hour, ramp to 6000 v. over a period of 5 
hours ho ld at 6000 v for 12.5 hours, 500 v. for 4 hours. The gel was stained with 
silver staining according to manufacturer's directions. Figure B is the Western blot 
image of 2-0 gel shown in Figure A. AntiPhaP antibody was used as primary 
antibody. 

Once it was shown that the PhaP is in the total membrane fraction of the cell, 

we wanted to see if it is in the cytoplasmic membrane or outer membrane. So an 

experiment was done using different homogenization methods comparing sonication 

and bead beater methods as described previously. The total membrane samples were 

treated with -Laury! sarcosine and subjected to centrifugation. The cytoplasmic 

membrane proteins were solubi lized and the other membrane proteins (outer 

membrane) were pelleted. The RC-DC protein assay was done on these samples to 

determine their concentration and decide the volume of the sample to be loaded on 
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the gels. The samples were mixed with Laemll i buffer, boiled in water bath for 5 min 

and centrifuged at maximum speed for 3 min and loaded on SDS- PAGE gel for one 

dimensional run. The western blot analysis was done with the anti-PhaP antibody. 

The gel in Figure 13 indicates that the PhaP is located in the inner membrane 

(cytoplasmic) fraction of the sample treated with bead beater method but failed to 

appear in the outer membrane. This supports the hypothesis that PhaP is in 

cytoplasmic membrane of bacteria. However in the sonicated sample, the results are 

not as clear. PhaP appeared in both the cytoplasmic membrane as well as in the outer 

membrane fractions. The band appeared in the cytoplasmic membrane is stronger 

than the faint band appeared in the outer membrane fraction. This band might be due 

to the incomplete solubilization of cytoplasmic membrane proteins in the sarkosyl 

solution and these impurities in outer membrane sample might have caused these 

results. 

Figure 13. The western blot showing the inner (cytoplasmic) and outer membrane 
fractions obtained by the sonication and the bead beater methods respectively. 
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CHAPTER 4. DISCUSSION 

4.1. Analysis of results 

Two-dimensional electrophoresis analysis was used as the main technique to 

study the proteomic features of different subcellular proteomes of C. necator H 16 

bacteria. Despite many limitations of the two-dimensional electrophoresis technique 

to represent the low abundance proteins, highly acidic or basic proteins, hydrophobic 

proteins, the 2DE remains the major teclmique for proteomic analysis. It is mainly 

because two-dimensional electrophoresis technique allows fo r visualization of a wide 

range of proteins at the same time and helps visualize the general proteomic nature of 

the organelle or an organism in terms of acidic/basic nature of proteins, high/low 

molecular weight etc. This method is also useful to study post-translational 

modifications. Among a ll protein samples, the membrane proteins present a more 

challenging class of proteins to be studied using the two-dimensional electrophoresis 

because of their hydrophobic nature (Molloy el al. 1998, Rabilloud et al. , 2008). 

Various methods such as the differential solubilization method have been used to 

answer this problem for emichment of the protein of interest and reduction in sample 

complexity (Molloy el al., 1998, Lehner et al., 2003). 

The principal objective of this project was to find the combination of a 

rehydration buffers and an IEF protocol to maximize the protein representation and 

resolution on the two-dimensional gel for proteomic analyses. Our other goal was to 
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determine the location of phasin molecu le PhaP in C. necator. To achieve these goals, 

different methods of cell disruption, various recipes of rehydration buffers and 

multiple IEF protocols were tested. The fractionation and isolation of C. necator H 16 

subcellular proteomes were performed by various methods described in literature 

(Filip et al., 1973, Gorg et al. 2004). No single perfect method was found for 

subcellular protein extraction and isolation due to the chemical nature of the 

cytoplasmic membrane, outer membrane and the peptidoglycan layer in between 

them. Some modifications were done to preexisting methods for good yield and better 

quality of the bacterial proteins in the sample. The total protein extraction method had 

been used frequently in literature, the cytoplasmic proteins and total membrane 

extraction was done using various methods, sodium carbonate method (Molloy et al. , 

2004) was tried multiple times but both times did not give sufficient yield of proteins 

and was not pursued fu11her. Surprisingly Hobb et al. (2009) also found that the 

sodium carbonate extraction method fai led to offer purified outer membrane samples. 

Another method, the acetone precipitation method (Gorg et al., 1997) was also used 

to remove the contaminants from the sample (mainly salts, nucleic acids, lipids etc.) 

but failed to offer acceptable protein concentration of the products so it was not used 

further. The cytoplasmic membrane and outer membrane extraction was achieved 

through sarkosyl treatment (Filip et al., 1973) and isopycnic sucrose density gradient 

method (Hobb et al., 2009). Since the methods followed were li terature based, no 

separate controls were used to detect the contamination of one fraction with another. 
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The comparison study between sonication and bead beater method remained 

inconclusive. There are very few studies in literature that compare homogenization 

methods with each other. The superiority of sonication over French press extraction 

has already been demonstrated (Abram et al., 2009). In our study however, the 

analysis for sonication and bead beater method was inconclusive at best. The bead 

beater method gave better results at first. But later experimentation demonstrated that 

it is very difficult to avoid the contan1ination of two membrane fractions with each 

other (Figure 5). 

The detergents play a major role in the extraction of proteins and their 

solubilization in solution though out the isoelectric focusing stage. The ideal 

detergent should perform both of these functions (Gorg et al. , 2004, Twine el al. , 

2005) without causing any artifacts on the gel. Our data suggest that the zwitterio11ic 

detergents such as CHAPS and sulfobetains such as ASB-14 work well together in 

the proportion of 4% CHAPS and I% ASB than used individually (Figure 8A-8C). 

The use of another sulfobetain - SB 3-10 was not pursued because the li terature shows 

that it is inso luble in buffers that contain more than 5 M urea and 2 M thiourea. This 

low concentration of urea is beneficial to obtain a good yie ld of low molecular weight 

proteins but fail s to represent higher molecular weight proteins (Rabi lloud et al. , 

1997, Stanley et al. , 2003). Since the objective of this study was to construct a buffer 

that will offer optimal protein presentation and good resolution, using SB 3-10 would 

not have been very useful. On the other hand, arn idosulfobetain-14 (ASB-14) has 
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good solubilizing power and has been fow1d to facilitate the representation of 

membrane proteins. CHAPS is considered a moderately good detergent, but it is not 

very strong in any aspect of protein extraction or IEF. So it is advantageous to use it 

in combination with ASB- 14 which may offer good solubilizing strength, but will not 

affect the quality of the gel because it will be in minor amount as compared to 

CHAPS. 

The data comparing the compatibility of reducing agents suggest that TBP 

works better for C. necator Hl 6 samples than DTT. However, the results are not 

conclusive. The solubilization buffers used for this analysis contained varied types 

and amounts of detergents. So there is a possibili ty that the presence of these different 

detergents might have caused the effects seen on the gel and protein presentation. 

However, the gels that represent the TBP as reducing agents gave consistently better 

results (Figure 4A, 4C, and 4E) than the gels that represent DTT ( Figw·e 4 B and 4D) 

despite the IEF protocol used. So it can be interpreted that TBP is a better reducing 

agent than DTT. Previous studies done by Molloy et al. also support this finding 

(Molloy et al., 2000) 

The study regarding the composition of solubilization buffers suggests that the 

buffer made up of 7M urea, 2M thiourea, 4% CHAPS, 1 % ASB-14, 2.5mM TBP and 

0.5% ampholytes is the most suitable for a proteomic study of C. necator H 16 

bacteria. This combination is not entirely new. Twine et al. (2005) have already tested 

a similar combination for the proteomic analysis of Francise/la tularensfa· bacteria 
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and found that ASB-14 increases visualization of membrane proteins. It is difficult to 

predict if this formulation will be perfect for all membrane proteins in all organisms, 

but it certainly looks promising. As suggested by many scientists, an empirically 

derived unique solubilization buffer is necessary for two-dimensional e lectrophoresis 

because the nature of proteins changes often according to their origin (prokaryotic, 

eukaryotic cells), location in cell (membrane proteins more hydrophobic), isoelectric 

point and molecular weight (Gorg et al. , 2004). The varied characteristics of sample 

and proteins may not be compatible with the mostly accepted formu lation of buffer. 

Even though these limitations exist, the above mentioned formula seems to provide 

optimum results for membrane prote ins in C. necator H 16 

A few protocols for isoelectric focusing were also studied. The literature 

shows a wide range of protocols for IEF. The total volt hours used for two

dimensional electrophoresis range anywhere from 35,000 to 90,000 (Zhobi-Hasona, 

2005) and in few instances up to 100,000 volt hours (Potter et al., 2004). It was 

difficult to change one stage (either in voltage or in duration or in pattern, like linear 

or ramping) because of the time constraints. The change in only one stage in duration 

or voltage may make only minor changes in appearances of the gels Two IEF 

protocols were compared; however it is difficult to decide which worked better. 

Protocol I looks promising when two gels were run with same sample (Figure 3B and 

JD). However, the difference is not very noticeable and since the total volt-hours 
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used were not very much different from each other, it seemed that there is a wide 

range of voltage ramping protocols that cou ld be successfully employed. 

The polyhydroxybutyrate granules (PHB) are the most studied 

polyhydroxyalkaonates (PHAs). There are at least four paralogs of PhaP on the 

surface of inclusion bodies (Potter et al., 2004 ). The two-dimensional gel (Figure 

1 OA) and the western blot of total membrane fraction (Figure 1 OB) strongly support 

the hypothesis that the PhaP is in membrane fraction. The appearance of three spots 

so close to each other on two-dimensional gel is consistent with the findings of Potter. 

There is a possibility that these spots represent the paralogs of PhaP. 

After showing that the PhaP is in the total membrane fraction, further analysis 

was done to see if it is present in the outer membrane or in the cytoplasmic 

membrane. The separation of membrane proteins was very challenging technically. 

Sarkosyl treatment and isopycnic sucrose gradients were used. The principal problem 

with these methods was the outer membrane band and cytoplasmic membrane bands 

were not distinct enough to collect them individually without contamination. The 

second challenge was to get the sufficient concentration of proteins in these fractions. 

The low concentration san1ples did not work well and the proteins were very scarce 

due to progressive loss of proteins through all the steps from IEF to second 

dimensional run . While studying the efficiency of two different homogenization 

methods, it was determined that the PhaP is present on the cytoplasmic membrane but 

not on the outer membrane fractions derived by sarkosyl treatment (Figure 13). In a 
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sonicated sample however, the PhaP band appears more strongly in cytoplasmic 

membrane fraction than in the outer membrane fraction. During the sarkosyl 

treatment of total membrane fraction, the cytoplasmic membrane proteins are 

solubilized from the tota l membrane fraction and after ultracentrifugation, the pellet 

essentially contains tota l membrane proteins from which cytoplasmic membrane 

proteins are removed. In this case, there is a possibility that all the cytoplasmic 

membrane proteins were not completely solubi lized and they appeared in outer 

membrane fraction. Though these data support the hypothesis that the PhaP is located 

on the cytoplasmic membrane of C. necator H 16, it is not conclusive and further 

analysis is needed. 

The tentative presence of PhaP on the cytoplasmic membrane supports the 

inclusion body formation by budding theory (Jendrossek, 2009) depicted in Figure 

14. It shows that the PHAs enter the inclusion body from the periplasmic space and 

the bud is formed fro m the cytoplasmic membrane. This bud enters the cytoplasm as 

it grows in size and becomes ultimately enveloped with cytoplasmic membrane when 

it is fully formed. Since PhaP is on the cytoplasmic membrane, it appears on the 

surface of these inclusion bodies. 
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inclus,on body foomatoon 

Outer membrane 

Figure 14. Schematic representation of the PhaP location theory 

Though the structure and morphology of inclusion bodies has been studied in 

the past (Steinbuchel, A et al 1995, Dennis et al, 2003, Potter et al, 2004), the process 

of their formation is still under investigation. 1t will be beneficial to study if the above 

mentioned budding theory of inclusion formation is correct, and if it is, then the next 

question wi ll be if it is typical in other bacteria that make PHA or if it is found only in 

certain bacteria. More knowledge of this process wi ll provide us with more ways to 

manipulate the PHA production and ultimately produce more biodegradable plastic. 

4.2. Future Directions 

To support the data collected, the Matrix Assisted laser Desorption/Ionization 

- Time of Flight Mass Spectrometry (MALDI-TOF) analysis is necessary for protein 

identification and sequencing. This method will confirm the presence of PhaP on 

cytoplasmic membrane of C. necator H 16. 
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Similar studies in other bacteria that make inclusion bodies and PHA are 

necessary to determine if the inclusion bodies are formed in similar fash ion as they do 

in C. necator H 16. If it is found that the formation of inclusion bodies from the 

cytoplasmic membrane is the typical, then may be this mechanism can be 

manipulated to get better yield of the PHAs and ultimately of the biodegradable 

plastic. 
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