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Abstract:  

Many studies have found significant differences between the gut microbiota of healthy 

patient’s vs patients with Parkinson’s Disease.  One such gene from Clostridium sp. 

CAG:62_40_43 encodes a radical SAM protein (OLA01534) that is currently annotated as a 

putative DNA modification/repair radical SAM protein.  However, the poor solubility upon 

overexpression and the poor yield of functional protein has inhibited further research of the   

protein. Herein, we report our efforts to increase the production of soluble protein in Escherichia 

coli. We cloned the gene into a pSUMO vector and co-expressed this gene with those that 

encode cobalamin transport proteins and iron sulfur (Fe/S) assembly proteins. An optimal 

expression setting has yet to be determined. 
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Background & Significance 
 

Parkinson’s Disease (PD), which affects 1% of people over the age of 60, is a progressive 

movement disorder that is caused by the degeneration of dopamine producing neurons in the 

substantia nigra (1). The degeneration of dopaminergic neurons is typically caused by an 

accumulation of α-synuclein protein which can be toxic to the cells at high levels (2). Symptoms 

typically start with a tremor in one hand but can have a variable progression (1). Currently, PD is 

mainly diagnosed through clinical symptoms which may not present until most of the 

dopaminergic neurons are already lost (1). Although the cause of the degeneration of 

dopaminergic neurons is unknown, there are various associated risk factors such as oxidative 

stress, the formation of free radicals, and various environmental toxins (1). Recently, an 

increasing number of studies have suggested that gut microbes can produce metabolites that 

interact with the nervous system and can play a role in the development of PD (3). When the 

microbiota of mice that overexpressed human α-synuclein was depleted using antibiotics, 

researchers saw a reduction of α-synuclein (4). Furthermore, the researchers were able to 

exacerbate motor symptoms in these mice by transplanting the microbiota of patients with PD 

(4). These studies prompt further research into the metabolites produced by gut microbiota, as 

they suggest that some neurological conditions may have etiologies in the gut. Wang and 

colleagues (2018) looked into biosynthetic gene clusters of human gut microbiomes and found 

certain ones were most enriched in patients with PD. More specifically, they found that genes 

encoding efflux proteins and Radical S-adenosylmethionine (RSAM) proteins to be enriched in 

the gut microbes of patients with PD (5). This suggests that the metabolites of RSAM reactions, 

which are not all known, can potentially be used as a suitable peripheral biomarker, or biological 

indicator, to help diagnose PD. 
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The RSAM superfamily of enzymes is composed of around 114,000 individual protein 

sequences which usually tend to catalyze the cleavage of S-adenosylmethionine (SAM), a 

product of the SAM-e cycle (6). Currently, there are 5 classes of RSAM enzymes: A, B, C, D, 

and E which can catalyze a variety of reactions. These enzymes are categorized based on the use 

of cofactors or on the types of mechanisms they can catalyze (7). These enzymes are typically 

identified by a triple cysteine motif, C-X3-C-X2-C, that coordinate the iron atoms of an Fe/S 

cluster. In most cases, the Fe/S clusters reduce SAM with one electron leading to the generation 

of the 5′-deoxyadenosyl radical (8). This radical can be used to initiate catalysis of various 

reactions. 

 

 Cleavage of SAM by RSAM enzymes 

 This study investigates the gene encoding protein OLA01534 from Clostridium sp. 

CAG:62_40_43 that was found to be overrepresented in patients with PD (5). This 

overabundance could lead to lower SAM levels in the blood, which was found to be significantly 

correlated with increased platelet α-synuclein, and an increase in the number of free radicals (5). 

Currently, this enzyme is annotated in the NCBI (National Center for Biotechnology 

Information) database as a RSAM protein that is considered to be a DNA modification/repair 
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protein, with most genes in the operon being annotated as hypothetical proteins. In another 

database, RAST (Rapid Annotation using Subsystem Technology), it is annotated as a biotin 

synthase related domain containing protein upstream from a ribosome protection-type 

tetracycline resistance related protein. This may suggest that the protein is misannotated and may 

function as a ribosome modifier. The gene sequence was most homologous, 72% percent 

identical, with another putative DNA Modification RSAM protein in Acetivibrio ethanolgignens. 

This unmatched annotation from both databases may further suggest that the protein is 

misannotated. Although often enzymes are annotated correctly many RSAM enzymes were 

found to catalyze different reactions when studied in vitro (11). 

This project was heavily focused on increasing the yield and solubility of the RSAM 

protein, using a pSUMO (small ubiquitin related modifier) vector with an inducible IPTG- T7 

promoter. The biophysical and structural studies we planned to carry out to characterize the 

RSAM protein require large quantities of soluble protein. Previous attempts to overexpress the 

RSAM gene in the pET28a vector met limited success. In an attempt to overcome this difficulty 

and obtain the necessary quantities of RSAM protein for characterization, we fused the protein of 

interest with a SUMO protein. This protein has been shown to help increase the solubility of 

other Class B RSAM enzymes (7). Since this gene was found on a biosynthetic gene cluster that 

was enriched in gut bacteria of patients with PD and knowing that RSAM enzymes catalyze 

unique reactions, we propose that this protein catalyzes important reactions that may be 

connected to PD. By identifying the specific reaction this RSAM protein catalyzes, we might be 

able to elucidate the connection between its function and PD. 

Materials and Methods 
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Materials 

The codon optimized DNA gene was a gift from Dr. Squire Booker at Penn State 

University. DNA primers were obtained from GeneWiz (South Plainfield, NJ). The Q5 DNA 

polymerase, BsaⅠ, XhoⅠ, and primers for cloning were obtained from New England Biolabs 

(Ipswich, MA). A Bug Buster protein extraction reagent was ordered from EMD Millipore 

Corporation (Billerica, MA). L-Arabinose, Dithiothreitol, Cobalt (II) Chloride, Calcium 

Chloride, Isopropyl β-D-1-thiogalactopyranoside, and Thiamine Hydrochloride were obtained 

from Sigma-Aldrich (St. Louis, MO). Ammonium Molybdate, Sodium Perborate, and 

Manganous Chloride were obtained from Avantor Performance Materials (Center Valley, PA). 

Spectinomycin was obtained from Thermo Fisher Scientific Chemicals (Ward Hill, MA).  

Ampicillin, Kanamycin, Magnesium Sulfate and Cupric Sulfate were obtained from Fisher 

Scientific (Fair Lawn, NJ). The pSUMO vector and pET28a Ulp1 protease were obtained from 

Dr. Booker at Penn State University.  

General Methods 

The polymerase chain reaction (PCR) was conducted using a Bio- RAD T100 Thermal 

Cycler (Waltham, MA). Plasmid isolation kits were purchased from Zymogen Research Corp 

(Murphy Ave). DNA concentrations were measured using an Invitrogen Quibit 2.0 (Waltham, 

MA). A SpectroVis plus spectrophotometer along with a Venier LabQuest 2 were used to record 

UV-Visible absorbances. All anaerobic experiments were conducted in an anoxic chamber from 

Coy Laboratory Producs, INC (Grass Lakes, MI) under an atmosphere of N2 and H2 (95:5, v/v). 

Plasmid Amplification and Purification 
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We first needed to amplify our protein of interest which was cloned into the pET28a 

vector. We also had to amplify our pSUMO vector so that we could later transfer the RSAM 

sequence into the pSUMO vector. Two separate 5 ml of LB Kanamycin (Kan) media were 

inoculated with either Top10 E. coli cells containing the pET28a-RSAM plasmid or cells 

containing the pSUMO plasmid. Cell medias were incubated overnight shaking at 250 rpm/hr at 

37℃. The Zymogen plasmid miniprep, was used to isolate the pET28a-RSAM plasmid and the 

pSUMO plasmid from E. coli cultures. DNA concentrations were determined using the Quibit 

fluorometer following manufacturer protocol.  

PCR isolation of RSAM gene 

The RSAM gene sequence was PCR-amplified off the previously purified pET28a vector 

using the following primers. The forward primer, 5’- GC GCG CGG TCT CAA GGT ATG GCA 

GTG ACC CAA GAA ATC-3’, contained a six-base pair (bp) GC clamp, a BsaⅠ restriction site 

(underlined), and the first 21 bp of the RSAM gene. The reverse primer, 5’- GGC CGC CTC 

GAG TTA CCA ACC TTG CAT AAC ATC-3’, had a six bp GC clamp, a XhoⅠ restriction site 

(underlined), and the last 21 bp of the RSAM gene. A 50µl reaction consisted of 5 µl the RSAM 

gene in the pET28a plasmid, 10 µl 5x Q5 reaction Buffer, 1 µl dNTPs, 2.5 µl of both the forward 

and reverse primer, 0.5 µl Q5 DNA polymerase, 28.5 µl distilled water (dH2O). The Bio-RAD 

T100 Thermal Cycler (Waltham, MA) was used. 30 cycles each consisted of 10 seconds of 98℃, 

30 seconds of 72℃, and 42 seconds of 72℃. The final cycle was 2 minutes of 72℃ and an 

infinite hold at 10℃.  Gel electrophoresis was conducted in a 1% agarose gel and was run at 80V 

for 80 minutes. According to manufacturer’s directions the QIAquick Gel extraction kit was used 

to purify the RSAM fragment from the gel. 
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RSAM and pSUMO plasmid digestion 

  Previously purified PCR amplicons, the RSAM gene fragments and pSUMO plasmids, 

were digest with restriction enzymes BsaⅠ and XhoⅠ in preparation for ligation reaction. Two 

small-scale 10 µl digest were conducted using 1 µl pSUMO plasmid or 1 µl RSAM gene, 1 µl 

CutSmart Buffer, 1 µl of BsaⅠ, 1 µl of XhoⅠ, and 6 µl of sterile water. The reaction was incubated 

at 37℃ overnight. 

Ligation of RSAM gene into pSUMO plasmid and transformation into Top10 Competent cells 

A ligation reaction, using the previously digested PCR amplicons, was created using 1 µl 

DNA ligase, 1 µl ligase buffer, 1 µl of RSAM insert, 4 µl of pSUMO plasmid. The reaction was 

incubated at 4℃ for two days.  

Following manufacturer’s protocols transformation into E. coli TOP10 competent cells 

(Invitrogen, Carlsbad CA) was conducted. 5 µl of the ligation reaction was placed in a vial of 

TOP10 competent cells. The cells and ligation plasmid mixture were incubated on ice for 30 

minutes and heat shocked for 30 seconds at 42℃. The mixture was then placed on ice while 500 

µl of SOC medium was added. The new culture was then incubated in a non-shaking 37℃ water 

bath for 1 hour. The reaction was then plated onto a LB plate containing 50 µg/ml kanamycin 

plate and incubated at 37℃ overnight.  

Validation of pSUMO-RSAM construct 

Five milliliters liquid cultures were made from selected colonies and the plasmid DNA 

was purified using the Zymogen plasmid miniprep kit. A small-scale digestion with EcoRⅠ and 

XhoⅠ was conducted. Agarose gel electrophoresis was used to analyze if there was a gene 

fragment of approximately 1.4 kilobase pairs (kb). Colonies with appropriately sized fragment 
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were grown in another 5 ml culture and the purified plasmid DNA from those colonies was 

sequenced by GeneWiz (South Plainfield, NJ).  

Transformation of pSUMO into E. coli BL21(D23) cells. 

 Previously, two cultures of E. coli BL21(D23) cells were grown in the lab. One culture 

(+pBTU) contained cells carrying two plasmids: pBTU, which confers spectinomycin resistance 

and pDB1282, which confers ampicillin resistance. The other culture (-pBTU) contained cells 

which only contained pDB1282. pBTU encodes for cobalamin reuptake transport proteins from 

E. coli and pDB1282 encodes for Fe/S cluster assembly proteins. Increased intracellular 

concentrations of cobalamin has been shown to help increase the solubility of some RSAM 

enzymes and the Fe/S assembly proteins will help form the Fe/S clusters that RSAM enzymes 

utilize (11). A list of the strains used in this study are shown in Table 1. Both cultures were 

plated on agar plates, with appropriate antibiotics and were incubated at 37℃ overnight. Five 

milliliters of LB containing kanamycin (50 µg/ml), spectinomycin (50 µg/ml), and ampicillin 

(100 µg/ml) was inoculated with a fresh single colony of the +pBTU culture. Another five 

milliliters of LB containing kanamycin (50 µg/ml) and ampicillin (100 µg/ml), was also 

inoculated with a fresh colony of the -pBTU culture. Both cultures were grown overnight at 37℃ 

with vigorous shaking; the overnight culture was diluted 2:1000 with fresh LB with appropriate 

antibiotics.. Both cultures were grown overnight at 37℃ with vigorous shaking; the overnight 

culture was diluted 1:500 with fresh LB with appropriate antibiotics. Both cultures were grown 

to an optical density at 600 nanometer (OD600) of 0.3 at which point cells were collected and 

treated with CaCl2 to become chemically competent. The newly chemically competent cells were 

transformed with 5 µl the pSUMO-RSAM vector and plated on kan/amp/spec or kan/amp agar 

plates that were incubated at 37℃.   
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Table 1 List of Plasmids and Strains used in this Study 

 

 

Protein production and solubility test 

The genes contained in each of the plasmids were expressed in E. coli BL21(D23) cells in M9-

minimal media with appropriate antibiotics. The cultures, +pBTU and -pBTU were incubated at 

37℃ until they reached an OD600 of 0.3. At this time, 1 ml samples of both cultures were 

harvested by centrifugation. Afterwards, gene expression of pBTU and pDB1282 was induced 

with 0.2% (w/v) arabinose. Once the plasmid was induced, 25 µM FeCl3 was added to provide 

the necessary Fe molecules of the Fe-S cluster. Similarly, 150 µM of L-cysteine was added, 

which is the sulfur source for Fe-S cluster in prokaryotes. Once cultures reached an OD600 of 

~0.600 the cells were cooled in an ice water bath and another 1 ml sample was harvested. Once 

the culture had cooled for 20 minutes gene expression of pSUMO-RSAM was induced by adding 

isopropyl-β-D-thiogalactopyranoside (IPTG) to a final concentration of 800 µM. After overnight 

incubation at 18℃ while shaking at 180 rpm, the cells were harvested at an OD600 of 1.17. To 
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test for production of protein, the whole cell samples were mixed with 40 µL ddH2O and 10 µL 

5x SDS dye and heated at 100℃ for 10 min. To check the solubility of the induced protein, 4 ml 

samples of both, +pBTU and -pBTU, were lysed using a BugBuster protein extraction reagent. 

Afterward, the insoluble cell debris was separated from the soluble crude lysate via 

centrifugation at 16,000 x g.  25 µl of the crude lysate and resuspended pellet were combined 

with equal volume of 5x SDS dye. The lysates and pellet were subjected to 12% SDS-PAGE that 

was run at 20 mA for ~1 hr. They were stained for 1 hour in Coomassie Brilliant blue and 

destained overnight. 

Changes to expression of protein (BL21(DE3)) 

The same procedure for previous expression was attempted with 50 µM and 200 µM of IPTG 

and for cells grown in the M9-minimal media containing ethanolamine and amino acids. 

Protein Purification after induction with 200uM IPTG 

 Protein purification was conducted under anoxic conditions in the Coy Chamber. Steps 

requiring centrifugation were performed outside of the anoxic chamber in centrifugation tubes. 

Protein purification was performed by immobilized metal chromatography using a 

HisPur™ Ni-NTA Resin (ThermoFisher Scientific). Cells were resuspended with 3 ml of 

BugBuster extraction reagent, and separated into 1.5 ml centrifuged tubes. The cells were shaken 

for 20 minutes. The pellet and crude lysate were separated via centrifugation and then returned 

into the anoxic chamber. After equilibrating the column with Lysis Buffer (50 mM HEPES, p.H. 

7.5, 5% glycerol, 300 mM KCl, 10 mM beta-mercaptoethanol), unwanted protein was eluted 

with a Wash buffer (Lysis buffer+20 mM imidazole). The bound protein was eluted in Elution 
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Buffer containing 300 mM imidazole and 15% (v/v) glycerol. After each run, 40 µl of sample 

was taken to be run on an SDS-PAGE.  

Results 
 

Construction of the RSAM Fusion Protein vector 

The first step in the pSUMO cloning procedure was amplifying our RSAM gene 

sequence. The RSAM gene was previously cloned into a pET28a vector and was PCR amplified 

using primers that were designed to include the BsaⅠ prior to the start codon and a XhoⅠ site after 

the stop codon. The PCR reaction yielded a DNA fragment of approximately 1.4 kilobases (kb) 

length (Figure 1), the RSAM gene sequence being 1.380 kb (9). Following a restriction digest of 

the pSUMO vector and the PCR product, we transformed the ligation of the two into TOP 10 E. 

coli cells (Figure 2 & 3). After selecting colonies that grew on the kanamycin LB plates, 

purifying plasmid DNA and digesting the DNA with EcoRⅠ and XhoⅠ, colonies 3 and 13 

appeared to have the gene insert since they showed a band of about 1.4 kb (Figure 4 & 5). After 

confirming the gene identity of the PCR amplicon by DNA sequencing analysis and comparing 

the insert sequence to the original gene sequence, the plasmid from these colonies was 

transformed into BL21(DE3) E. coli cells that either contained pDB1282 or both pDB1282 and 
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pBTU (Figure 6). After lysis of the cells, the induction and solubility of both cell strains were 

tested through an SDS-PAGE.  

 

 

Figure 1. Amplification of RSAM gene from pET-28a vector. 
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Figure 2. Restriction enzyme digest of SUMO plasmid and RSAM gene. Lane 1, molecular 
mass marker (in kb); lane 2, amplified pSUMO plasmid; lane 3, PCR amplified RSAM gene. 

 

 

Figure 3. Transformed Top10 E. Coli colonies. 
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Figure 4. Gel electrophoresis of EcoRI and XhoI digested plasmids. Lanes 1-6 are 6 selected 
colonies following Plasmid miniprep method purification. from transformed colonies 1-6. The 
fragment in lane 3 was of appropriate length (1.4 kBp). 

 

 

Figure 5. Gel electrophoresis of EcoRI and XhoI digested plasmids. Lanes 9-15 are 6 selected 
colonies following Plasmid miniprep method purification. The fragment in lane 13 was of 
appropriate length. 



Verdin 17 
 

 

Induction of the pSUMO vector in M9-minimal media  

An RSAM gene from Clostridum sp. CAG:62_40_43 was overproduced in the presence 

of plasmid pDB1282, which encodes genes for Fe/S cluster assembly proteins from Azotobacter 

vinelandii (10). These two plasmids were expressed along with a pBTU plasmid, which encodes 

genes for cobalamin reuptake transport proteins from E. coli (11). The genes encoded by the 

plasmid pDB1282 and on the pBTU plasmid were induced at an OD600nm
 of 0.3 by addition of 

arabinose (Figure 7 &8, lanes 3). Expression of the RSAM gene was subsequently induced at an 

OD600nm
 of 0.6 by the addition of 800 µM IPTG (Figure 7&8 lanes 4). After induction of T7 

RNA Polymerase expression with IPTG, the cells containing the pBTU plasmid showed a pinker 

pigmentation than the cells lacking the pBTU plasmid (Figure 6). This is indicative of the cells 

reuptaking the cobalamin that was added to the media. Similarly, protein overexpression 

occurred with 200 µM and 50 µM of IPTG (Figure 11 lane 5 & Figure 12 lane 3). The RSAM 

protein is 53.5 kDa and the SUMO protein is around 10kDA so the predicated weight of the 

fusion protein is 63.5 kDa in size. Production of the protein, which included an N-terminal 

SUMO protein, could be observed by the appearance of a polypeptide at 63.5kDA, 

corresponding to the expected molecular mass of the RSAM protein. After lysis and separation 

from the crude lysate and pellet, the protein of interest remained with the pellet after induction 

with 800 µM IPTG (Figure 7&8 lane 6).  Similarly, the protein was still largely insoluble after 

induction with 50 µM or 200 µM IPTG (Figure 11 lane 8) (Figure 12 lane 3).  
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Figure 6 Cell pellets obtained from BL21(DE3) E. coli expressing pSUMO-RSAM without 
pBTU (Left) and with pBTU (right). 

 

Induction of the pSUMO vector in M9-minimal media containing ethanolamine 

 Afterwards we attempted to grow the cells in M9-minimal media with ethanolamine 

instead of glucose, as studies have suggested that ethanolamine may act as a chemical chaperone 

that assist in the protein folding (11). Additionally, when cells are grown in media containing 

ethanolamine, there is an upregulation of ethanolamine ammonia lyase, which has been 

suggested to increase intracellular cobalamin concentrations (11).  For the cells grown in M9-

minimal media containing ethanolamine protein induction was conducted in a similar fashion as 

above. When the RSAM protein was overexpressed in media containing ethanolamine, the 

production of protein was slowed, as it was not expressed after 4 hours (Figure 9 lane 5). Even 
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after growth in the ethanolamine containing media the protein of interest remained largely 

insoluble (Figure 10 lane 7). 

 

 

 

Figure 7. SDS-PAGE analysis monitoring the expression and solubility of RSAM protein in 
BL21 (DE3) in M9-glucose media.  Lane 1, molecular mass marker (in kDa); lane 2, 
preinduction whole-cell lysate; lane 3, whole-cell lysate after arabinose induction of genes on 
plasmid pDB1282 and pBTU; lane 4, whole-cell lysate after induction with IPTG of pSUMO-
RSAM; lane 5, Crude supernatant; lane 6, insoluble pellet fraction. 
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Figure 8. SDS-PAGE analysis of pSUMO-RSAM overproduced in BL21 (DE3) containing 
pDB1282 in M9-glucose media.  Lane 1, molecular mass marker (in kDa); lane 2, preinduction 
whole-cell lysate; lane 3, whole-cell lysate after arabinose induction of genes on plasmid 
pDB1282; lane 4, whole-cell lysate after induction with IPTG of pSUMO-RSAM; lane 5, Crude 
supernatant; lane 6, insoluble pellet fraction. 
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Figure 9. SDS-PAGE analysis of pSUMO-RSAM overproduced in BL21 (DE3) containing 
pDB1282 and pBTU in M9-minimal media containing ethanolamine.  Lane 1, molecular mass 
marker (in kDa); lane 2, pre-arabinose whole-cell lysate; lane 3, pre-IPTG whole-cell lysate; lane 
4, Post overnight induction whole-cell lysate; lane 5, four hours post induction with IPTG whole-
cell lysate. 
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Figure 10. SDS-PAGE analysis of pSUMO-RSAM overproduced in BL21 (DE3) containing 
pDB1282 and pBTU in M9-minimal media containing ethanolamine.  Lane 1, molecular mass 
marker (in kDa); lane 2, Crude supernatant after induction with 800 µM IPTG; lane 3, insoluble 
pellet fraction after induction with 800 µM IPTG; lane 4, Crude supernatant 4 hours after 
induction; lane 5, insoluble pellet fraction four hours after induction; lane 6, Crude supernatant 
after induction overnight; lane 7, insoluble pellet fraction after induction overnight.  
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Figure 11. SDS-PAGE analysis monitoring the expression and solubility of RSAM protein with 
pBTU and pDB1282 in BL21 (DE3) in M9-glucose media.  Lane 1, molecular mass marker (in 
kDa); lane 2, whole-cell lysate after induction of pDB1282 and pBTU but prior to induction with 
IPTG of pSUMO-RSAM; lanes 3-6, whole cell lysate 1,2,3,4 hours after induction with 200 µM 
IPTG ; lane 7, Crude supernatant; lane 8, insoluble pellet fraction. 
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Figure 12. SDS-PAGE analysis of pSUMO-RSAM overproduced in BL21 (DE3) containing 
pDB1282 and pBTU.  Lane 1, molecular mass marker (in kDa); lane 2, Crude supernatant after 
induction with 50 µM IPTG; lane 3, insoluble pellet fraction after induction with 50 µM IPTG; 
lane 4, Crude supernatant after induction with 200 µM IPTG; lane 5, insoluble pellet fraction 
after induction with 200 µM IPTG.  

 

Isolation of RSAM gene  

Following cell lysis and centrifugation to remove unbroken cells and large debris, the majority of 

the RSAM protein remained in the pellet (Figure 13 lane 3).  However, some soluble protein was 

found in the crude extract (Figure 13, lane 2). The RSAM protein was purified in the absence of 

oxygen by affinity chromatography on the basis of the hexa-histidine tag on the SUMO protein 

(Figure 13 lane 6).  
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Figure 13. SDS-PAGE analysis monitoring the purification of RSAM enzyme overproduced in 
BL21 (DE3) containing pDB1282 and pBTU with 200 µM IPTG.  Lane 1, molecular marker; 
lane 2, Crude supernatant; lane 3, insoluble pellet fraction; lane 4, flow-through fraction from 
loading of the affinity column; lane 5, affinity column wash fraction; lane 6, affinity purified 
RSAM after elution buffer. 

 

Discussion 
 The slight enhancement of some, not all, class B RSAM enzymes when overproduction is 

conducted in E. coli cells containing increased intracellular concentrations of cobalamin (11) led 

us to attempt to investigate the effect the pBTU plasmid would have on the solubility of our 

RSAM enzyme. Additionally, the use of SUMO fusion technology was shown to enhance 

expression and solubility of proteins, which led us to formulate a strategy to further enhance the 

solubility of our RSAM enzyme through co-expression of the pBTU and pSUMO plasmid (12). 

At first the cells were grown in M9-minimal media that contained glucose to see if increased 

intracellular concentrations of cobalamin could in fact alter the solubility. However, when 

overproduced the majority of the RSAM protein was still insoluble (Fig. 8 & 9). One explanation 
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could be that the SUMO protein simply did not help enhance solubility, and that cobalamin alone 

cannot alter the solubility of the protein. Another problem could be that the cells were lysed 

outside of the anerobic chamber, which could have oxidized the Fe-S clusters and caused our 

protein to misfold and aggregate. To counter this all future cell lysing were performed in the 

anerobic chamber.  

 When cells were grown in M9 minimal media containing ethanolamine protein induction 

was induced with 800 µM of IPTG. These cells however, still yielded insoluble protein (Figure 

10). The media was shown to slow cell growth as shown by the lack of protein induction after 

four hours (Figure 9, lane 5). From here we decided to revert back to using M9-glucose media 

and focus on fine tuning the concentration of IPTG used.  

One study found that the concentration of inducers should be fine-tuned in order to help 

enhance solubility and efficiency of individually overexpressed proteins (13). After growing 

cells and inducing them with 200 µM IPTG, we saw that the protein was induced, after three 

hours (Figure 9, lane 5). At the end of the overnight incubation the protein remained insoluble, 

even after lysing in the anaerobic chamber. After attempting to overexpress protein with 200 µM 

of IPTG, protein expression was induced with 50 µM IPTG. Although the RSAM protein was 

shown to be induced with 50 µM, there was little to no protein that appeared in the soluble lysate 

(Figure 12, lane 2). A small-scale affinity chromatography, with the rest of the cells grown at 

200 µM revealed that little to no protein was soluble (figure 13, lane 6).  Additionally, it showed 

that a majority of the protein was still insoluble when compared to the pellet (Figure 13 lane 3 & 

6). Since we were able to lower the inducer concentration to 50 µM and still see the 

overexpression of the protein without any change in solubility, we turned our focus on changing 

the lysis method. 
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 The method of cell lysis can affect protein solubility by affecting the physicochemical 

properties of the protein (14). Previously, all cell samples were lysed using a Bug Buster reagent. 

However, this was shown to not be the most effective way to release soluble protein as any 

solubilizing lysis agents can affect solubility or stability (14). Next steps could turn to lysing 

cells with sonication which, is the “golden-standard” as it does not affect the expressed protein 

(15). At the time however, the sonicator was not set up for usage in the glove box and due to 

time constraints, we did not have time to lyse cells using the sonicator. 

 This project resulted in the complete cloning of the RSAM gene into the pSUMO 

plasmid. This recombinant plasmid was transformed into BL21(DE3) cells for expression. The 

optimal expression conditions were not found during this project. The work completed here will, 

however, support further attempts to overexpress soluble protein. Future research might attempt 

to lyse the cells using the sonicator in the Coy chamber, which prevents the oxidation of the Fe/S 

clusters that RSAM enzymes use as cofactors. They might also try to transform the pSUMO-

RSAM, pBTU, and pDB1282 plasmids into RosettaBlue(DE3) pLysS strain. This strain 

expresses low levels of T7 lysozyme, which reduces basal expression levels of T7 RNA 

polymerase (16). This would help decrease the transcription of the protein allowing for protein 

that is already made to have more time to fold properly and solubilize.  

 In summary, expression of the RSAM gene along with SUMO in any media did not 

improve the yield of soluble protein (Figure 8). Even when co-expressed with pBTU, there was 

no major change in solubility.  We were able to induce overexpression of the protein with IPTG 

concentrations as low as 50 µM. However, this had little effect on the solubility of the protein. 

Following completion of the purification of soluble RSAM protein, the identification of the 

RSAM substrate can begin. The enzyme characterization will be set up to examine the total 
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amount of Fe-S clusters per protein, the activity of the protein, and enzyme substrate. Since it is 

annotated as a biotin synthase gene in RAST, it would be a logical starting point in attempting to 

identify the RSAM proteins substrate. Additionally, this will provide insight into the overall 

knowledge of the RSAM superfamily of enzymes. Hopefully by better understanding the 

reactions that this protein catalyzes we can help elucidate some connection between its 

overexpression and PD. 
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