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a single gene purL and is translated into a single polypeptide. This single polypeptide 

form of purL consists of three domains. The type I form ofFGARAT exists in all 

eukaryotes, including Homo sapiens, and {3 and 'Y proteobacteria (Patterson et aI., 1999). 

The second type of FGARAT consists of three polypeptides, all encoded by different 

genes : purL, purS and purQ. The type II form of FGARAT exists in eubacteria outside 

the {3 and 'Y proteobacteria group and in all archaebacteria studied to date, including 

Staphylococcus aureus (Patterson et aI. , 1999). 

Figu re 1. The two different forms of the FGAR amidotransferase enzyme. The type I form, which 
exists in H. sapiens, consists of a single subunit divided into three different domains . The type II form, 
which exists in S. aureus, consists of three different polypeptides. 

Regardless of the structural differences between the two types of FGAR 

amidotransferase enzymes, sequence homology studies indicate that both types work in 

an identical fash ion. The N-tenninal ATP-binding domain and the C-terminal glutamine 

amide transfer domain in the type I enzyme appear to be homologous to the purL and 

purQ subunits of the type II enzyme, respectively (Patterson et aI., 1999; Batra et aI., 

2002). Recent research has also indicated that the purS subunit of the type II enzyme acts 
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pLysE gene, which codes for far more T7 lysozyme and therefore allows for much more 

stringent control of protein expression. 
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Figure 2. Schematic of the pET expression system. (Novagen, 2003) 

The specific pET vector used in the following experiments was the pET lSb 

expression vector (see Appendix, Figure 1). This particular pET expression vector was 

also engineered with an IPTG-inducible T7lac promoter region for increased stringency 

of target protein expression (Novagen, 2001). The pETISb expression vector contains a 

lac operator region downstream from the T7lac promoter. Under uninduced conditions, 

the lac repressor is bound to the lac operator and therefore inhibits the activity of any T7 

RNA polymerase that may have been accidentally translated by the host during the basal 

period (Novagen, 2001). The vector also contains its own lad gene to ensure that 

enough repressor is made to successfully inhibit T7 RNA polymerase activity on the 
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Results and Discussion: 

Restriction Enzyme Digestion ofPurified Cloned Plasmid Preparation, pET J 5b and 
Transformation ofthe Purified Plasmid Preparations into Bacterial Cell Lines for 
Target Protein Expression: 

The restriction enzyme digestion with Xba I and Nde I confirmed the presence of the 

purL insert within the pET15b plasmid preparation previously prepared by Leader (2002) 

(See Figure 1 a). 

Figure l ao A representation ofthe purL insert 
Nde I purL Insert (4,018 bp) within the pET1 5b eX"j)ressiol1 ve tor 

pET15b 
(5708 bp) 

Lane four in Figure 1 b shows the purL insert at approximately 4,01 8 base pairs, 

the expected size. The second and third lanes show the control restriction enzyme 

digestions using only NdeI restriction enzyme and only Xbal restriction enzyme, 

respectively. The controls resulted in a linearized cloned pET15b vector, as was 

expected. 
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Upon confirmation that the plasmid preparation (Leader, 2002) contained the 

purL insert, transformation experiments were performed as noted in the methods. All 

attempted transformations were successful. 

Figure] b. 
Agarose Gel Elect rophoresis following digestion of the pET 15b 
vector containjng the purl insert 

2 3 4 5 

General Induction of Target Protein Expression in all Three Expression Strains and 
Analysis ofResults: 

Unfortunately, the BL2 1(SI) expression strain did not culture very well in the pre-

induced state and therefore, the only BL2 1(SI) transformants used in this first induction 

experiment contained the pET ISb negative control plasmid. 

Figure 2a illustrates the expression results fo r the BL21(DE3) and BL2 1(SI) cell 

lines four hours after IPTG-induction. L anes 1, 3 and 5 contain the protein extracts from 

the induced BL21(DE3) cultures in the following order: pET I Sb (negative control), purL 

in pETI Sb (experimental target protein), and pMYBS (posit ive control). Lanes 2, 4 and 6 

contain the protein extracts from the uninduced BL21 (DE3) cultures in the same order. 

The induction results indicated that there was possible target protein expression at 

approximately 140 kiloDaltons in the BL21 (DE3) host expression st rain upon induction 

with IPTG (See Figure 2a, lane 3). Also, there was no target protein expression in any of 



the umnduced cultures, as expected (See Figure 2a, lanes 2, 4 and 6). However, there 

was no expression of the positive control at approximately 97kD, indicating that perhaps 

IPTG-induction did not occur properly (See lane 5 in Figure 2a). 

There was no apparent expression ofthe target protein in any of the other IPTG-

induced cell lines. Although the positive control did not appear to express itself as it 

should have, the fact that there was potential target protein expression in the induced 

BL21 (DE3 ) culture invited further experimentation on that specific expression strain . 

Therefore, the BL21 (DE3 ) expression cell line was determined to be the most promising 

for future experiments. 

2 3 4 5 6 7 8 9 
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Figure 2a. SDS-PAGE gel following Coomassie Brilliant Blue staining. Lanes] -6 contain the crude 
protein extracts from the BL2 1(DE3) cell line four hours after lPTG-induction. Lanes 8-9 contain the 
crude protein extracts from the BLlI (SI) cell line four hours after lPTG-induction. In lane 3, there appears 
to be target protein expression in the BL21 (DE 3 ) host upon lPTG-induction at approximately 140 kD. 

Optimization Experiments for Induction of Target Protein Expression in BL21(DE3) 
Bacterial Expression Strain, Separation ofDifferent Protein Fractions and Analysis of 
Results: 

There appeared to be no target protein expression in any of the inductions, regardless of 

induction time or temperature. Also, there appeared to be no expression of the positive 

control protein . Previous research regarding the expression of the control protein in the 
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BL21 (DE3) cell Line had similar results (Leader, 2002). Since the BL21(DE3) c lls were 

not properly expressing the positive control protein, another protein expression cell line, 

Novagen's Rosetta-Blue™(DE3), was acquired. 

The Rosetta-Blue™(DE3) expression strain was chosen because it is genetically 

engineered to contain Homo sapiens transfer RNA (tRNA) genes, which prefer the 

codons most prevalent in human mRNA. The genetic code is degenerate in the sense that 

more than one codon codes fo r the same amino acid (Rodolphe & Mathe, 1999). As a 

result of evolution, different species have genetic sequences that preferentially code for 

one particular codon over another in messenger RNA (Kane, 1995). These codon 

preferences are unique to a species, and are reflected in the relative abundance of the 

various tRNAs within their cells (Bagnoli & Lio, 1995; Deng, 1997). Such inconsistent 

codon preferences can cause inefficient translation when attempting to express a 

eukaryotic protein in an E. coli host (Wang et aI., 1994). 

Specific codons that are extremely prevalent in human genes such as AGG, AGA, 

AUA, eUA, eee and GGA are far rarer in E. coli (Xu et al., 2001; Novagen, 2002; 

Wang et aI. , 1994; Hu et aI., 1996.) The transfer RNAs associated with these rare E. coli 

codons are also among their rarest produced in the cell (He et aI., 1996). Therefore, when 

human codon preferences show up in E. coli mRNA sequences, there may not be enough 

of the rare t-RNAs to assemble the protein, resulting in stalled expression (Xu et aI., 

2001). 

We utilized Novagen 's Rosetta-Blue™(DE3)pLysS expression strain for the 

subsequent experiments. This strain has been genetically engineered to contain the genes 

responsible for the production of the tRNAs associated with the preferred human codons 
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rare in E. coli (Novagen, 2002). Also, this particular strain contains the pLysS plasmid, 

which contains the T7 lysozyme gene (Novagen, 2002). As was mentioned earlier, T7 

lysozyme inhibits T7 RNA polymerase production in the uninduced state and provides 

another mechanism to control target gene expression within the host (Novagen, 2001). 

Optimization Experiments for Induction of Target Protein Expression in Novagen 's 
Rosetta-Blue™ (DE3)pLysS Bacterial Expression Strain, Separation ofDifferent 
Protein Fractions and Analysis ofResults: 

Figure 3a illustrates the crude extract expression results eight hours after IPTG-induction 

Lanes 1-6 contain the crude protein extracts from the cultures incubated at 37°e. Lanes 

1, 3 and S contain the uninduced crude extracts in the following order: pMYBS (positive 

control), purL in pET ISb (experimental target protein), and pET1Sb (negative control). 

Lanes 2, 4 and 6 contain the induced crude extracts in the same order. Lanes 8-13 

contain the crude protein extracts from the cultures incubated at room temperature 

(23°C). Lanes 8, 10 and 12 contain the uninduced crude extracts in the following order: 

pMYBS (positive control), purl in pET ISb (experimental target protein), and pET ISb 

(negative control) . Lanes 9, 11 and 13 contain the induced crude extracts in the same 

order. This SDS-P AGE analysis revealed possible expression of the target protein in lane 

11 at approximately 140 leD. 

Figure 3a. SDS-PAGE gel following 
Coomassie Brilliant Blue staining Lane 
1 1 shows light possible expression of the 
target protein at - I~O kD in the crude 
extract. 

1 2 3 4 S 6 7 8 9 10 11 12 13 

37°C 23 °C 

~ 



To further analyze the observed band, the crude and soluble extracts of the 

cultures transfonned with purL were analyzed using SDS-PAGE. Figure 3b shows the 

results of this analysis. 

Lanes 1-6 contain the crude and soluble extracts incubated at room temperature. 

Lanes 8-1 3 contain the crude and soluble extracts incubated at 37Q C. The first and 

second lanes contain the soluble extracts of the induced and uninduced positive control 

cultures, respectively. There appears to be expression of the positive control at 

approximately 97 kD, as was expected. Lanes 3 and 4 contain the soluble and crude 

extracts of the induced experimental cultures. SDS-PAGE analysis shows expression of 

a protein at approximately 140 kD, which is the appropriate size for the target protein. 

Lanes 5 and 6 contain the soluble and crude extracts of the urunduced experimental 

cultures. There appears to be no protein expression of approximately 140 kD in either of 

these uninduced lanes, as was expected. The apparent optimal conditions for expressing 

the target protein were determined as being an 8-hour, room temperature induction period 

with a final IPTG concentration of 1 rru\1. 

8 9 10 11 12 13 


Figure 3b. SDS-PAGE gel 
following Coomassie Brilliant 
Blue Staining. Lanes] and 4 
show expression of the target 
protein al approximately 140 1cD. 

1 2 	 3 4 5 6 7 
I I UI UI 
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Large-scale Induction ofTarget Protein Expression, Separation ofDifferent Protein 
Fractions, and Purification ofthe Target Fusion Protein hy Nickel Ion Affinity 
Column Chromatography: 

The large-scale induction of the target protein yielded apparent low-level expression of 

the positive control and the target protein (in both soluble and crude extracts). Figure 4 

illustrates the results of the large-scale induction. 

Figure 4. SOS-PAGE gel following Coomassie Brilliant 
Blue Staining. Lane 3 contains the cmde extract of the 
induced experimental culture after an 8-hour induction 
period. Lanes 4 and 7 contain the soluble extracts of the 
induced experimental culture after an 8-hour induction 
period 

1 2 	 3 ~ 5 6 7 
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Analysis of the nickel-ion affinity column chromatography purification showed 

no evidence of the target protein in any of the elutions or washes. 

Plasmid Preparation ofthe HspurL cloned pET ISh vector from a Rosett(l-Blue™ 
(DE3)pLysS Transformant, Optimized Experimentfor Induction of Target Protein 
Expression and Analysis ofResults: 

SDS-P AGE analysis indicated that there was possible expression of the target protein, at 

approximately 140kD, eight hours after induction with IPTG at room temperature. 
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Large-Scale Induction ofthe Target Protein Expression, Separation ofDifferent 
Protein Fractions and Purification ofthe Target Fusion Protein using Ni-NTA 
Magnetic Agarose Beads and Nickel Ion Affinity Resin Chromatography: 

Figure 5 illustrate the large-scale induction results of the purL cloned bacteria eight 

hours after induction with IPTG at room temperature. The first lane contains the 

insoluble extract. Lanes 2 and 3 contain the crude extract. The fourth lane contains the 

soluble extract. 

There appear to be possible target protein expression in the crude protein 

extracts. Also, a very faint band appear at approximately 140kD in lane 4, the soluble 

extract. 

Figure 5. SDS-PAGE gel following Coomassie 
Brilliant Blue staining. Large-scale induction results 
show that there is possible expression of the target 
protei n in the crude protein extract (lanes 2 and 3). 

2 3 4 5 

However, despite the apparent protein expression in the crude and soluble 

extracts, SDS-PAGE analysis of the nickel-ion affinity resin chromatography purification 

showed no evidence of the target protein in any of the elutions or washes. 
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Due to the lack of sufficient target protein expression in any of the induction 

experiments, it was not surprising that target protein could be purified from the soluble 

extract via either puri fication method. However, the lack of sufficient protein expression 

was confusing. 

Resttiction digests had confirmed that the pET 15b vector contained the purL 

gene. The last rounds of general and optimized induction expeIiments were performed 

on a bacterial culture known to have been successfully transformed with the pET vector 

containing the HspurL insert. And, as stated previously, the Rosetta-Blue™(DE3)pLysS 

bacterial expression strain was genetically engineered to combat the most likely potential 

inhibitor of the target protein expression. Therefore, the lack of suffic ient target protein 

expression alerted us to the fact that perhaps there was another problem inhibiting 

expression of the HspurL gene, besides codon bias. 

Our close inspection of the previous student's research (Leader, 2002) prompted 

analysis of the structure of the pET15b vector. Previous research regarding this project 

included incorporation of an Nde I restriction site into the start codon for the HspurL 

gene and the incorporation of an Xho I site into the stop codon for the gene (Leader, 

2002). Also, previous research experiments ligated the HspurL insert into a peR2.1 

TOPO vector (Invitrogen) and then, subsequently, into the pET15b expression vector. 

The ligation of the insert into the expression vector had to be done so that the orientation 

of the insert would allow for the sequence to be translated into a protein. Leader verified 

that the pET15b clone, which the current research was based upon, contained the insert in 

the proper orientation (Leader, 2002). However, analysis of the pET15b schematic 

revealed that the previous researcher was mistaken in her analysis of the insert's 
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orientation in the pET ISb vector. As a result, we discovered another factor possibly 

prohibiting the expression of the target gene. 

Previous research included the ligation of the HspurL insert into a peR2.• TOPO 

vector prior to its ligation within the pET ISb vector. This was done because prior 

experiments showed that direct ligation of the insert into a pET vector was more difficult. 

Leader predicted that sub cloning the insert into the peR2.1 TOPO vector would produce 

greater amount of the target gene that would then be used for ligations into the pETl5b 

vector (Leader, 2002). 

However, when it was time for the insert to be taken out of the peR2.l TOPO 

vector and gel-purified for future ligation into a pET expression vector, it was discovered 

that the peR2.l vector and the HspurL insert were approximately the same size and 

would not allow for a precise gel-purification (Leader, 2002). Therefore, the cloned 

peR2 .1 TOPO vector was cut with three restriction enzymes in order to extract the insert 

from the vector and cleanly gel-puri fy it: Nde I, Xba I and Bam HI (Leader, 2002). The 

thought was that the restriction enzymes Nde I and Xba I would cut slightly more than 

the entire insert out of the peR2.1 TOPO vector, and the Bam HI digest would cut the 

remaining vector in half. In total, this triple enzyme digestion was supposed to allow for 

a better distinction between the insert and the vector to be seen in a DNA gel 

electrophoresis analysis of such a restriction enzyme digestion (Leader, 2002). In 

preparation for ligation of the HspurL insert into the pET15b vector, Leader also cut the 

pETI5b vector with Nde I and Xba 1, as well (Leader, 2002). 

At first, this appears to be very standard procedure. However, upon closer 

inspection of the pET15b vector map (see Appendix, Figure 1), it was discovered that 
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cutting the vector with N de I and Xba I would not produce the desired fusion-tagged 

protein (See Figure 6). Also, it ensured that the HspurL insert would be oriented in the 

reverse direction, thus not allowing for target protein expression (See Figure 7) . 

Figure 6. The sequence below is for the T7 expression region in the pET 15b expression vector. It is 
apparent how the 6x-histidiue tag was eliminated from the sequence when the pET vector was cut with 
Xba I and Nde I restriction enzymes in preparation for insert ligation. 

T7 promot er primer ifSfI3oS8-3.. 
~ T7 I'<o n", "" ~ 1.>< o pernl.,·r Xb~ I ..!!!!... 
AClTeTt_TttC.tQII.u.TTAATAe.ACTe.ltTAT"mu.T1"".GeIII1r".t.AlTTcteCTCT.lI&UTU.TTT""'TTu.e-rTT~""",,A 

Ncr; I HI" Tog 1.0:1 .. 1 •."., I 8amH I 

TArA~CATtCGCA.eA4eCArc:A'C,UClTeATc/otMlCAllCnCeTCQTtCtGecc OCAQCtAf&TtCTWQOATC!*lCTGCT~&il~CCCA 
H_tCly","rH I,W laW '''''.I4I.I4I~r'.o1Ily1.."v..1 'ro"', IS_ I ofWtL.euQI"""-,,aA 1.A1 ...nLyo... , .... '. 

~I Ihr.:-m bin T7 1orminatof 

~~t!fT!~~!if~~~~~~!~g:~!~~eATueceCTT~emAlACGI8QTm~;~'TTC.. 
pH-15b cloning/expression region 

(Novagen, 1999) 

Nde I 
Hlnd III(start codon) 


+264 bp 


HindID ~ 
'-''-' 

"" ",-. ~ A'ba I 
~ +4?3? b 

HspurL lnsert J - P 

pET1S vector 

(S,708bp) 

Figure 7. The pETL5b 
vector and the H.qJurL 
insert were both cut with 
Ndc rand Xba I to allow 
for subsequent ligation 
reactions (Leader, 2002). 
However, this put the 
insert in the reverse 
orientation. Oms 
preventing target protein 
expression. 



There is no way for the target protein to be expressed with the orientation that the 

HspurL gene currently has within the pETl Sb vector (See Figure 7). Therefore, the 140 

kD fragment often seen was either another protein or an artifact, but never the desired 

target protein . 

Previous research cut the HspurL insert out of the peR 2.1 TOPO vector with 

Xba 1 and Nde I to allow for a better distinction between it and the vector during 

subsequent DNA gel purificati on of the insert (Leader, 2002). The pET ISb vector was 

then cut with Xba I and Nde I in preparation of the HspurL insert ligation (Leader, 2002). 

However, the Xba I site is not within the cloning region of the pET vector's T7 

expression region. Using Xba I and Nde I as the ligation sites for the insert into the 

pET ISb vector immediately negated target protein expression. 

The T7 expression region on the pET1 Sb vector is reversed, such that the T7 

promoter is downstream of the Xba I site, which is downstream of the start codon. 

Therefore, the T7 expression region essentially runs in reverse order to express the target 

protein : from a downstream promoter region to an upstream stop codon. The pET vector 

contains the HspurL insert in an orientation that has the Xho I site and the stop codon 

located near the downstream Xba I site and the promoter region. The start codon and 

Nde I site are located upstream from the promoter region, Xba I site and Xho I site with 

its incorporated stop codon. However, since expression in this particular system runs 

from the downstream promoter region to the upstream stop codon, the Xho I site 

containing the stop codon is reached before the Nde I site containing the start codon. 

Therefore, target protein expression is stopped before it ever really has a chance to begin. 



[t is believed that the H~"purL insert should have been excised from the pe R2.1 

vector with Nde 1, Xho I and Bam HI. This combination of restriction enzymes would 

have not only allowed for a clear distinction between the insert and the vector for gel 

purification procedures, but would have also allowed the insert to be ligated into the 

pET1 5b vector within its cloning region (See Figure 8) 

Xho I 
Hind III 

Hind III 

\' 
L-~ 

purL Insert (4,018 bp) 

pET15b 
(5708 bp) 

Nde I 

Figure 8. This diagram shows 
the cloned pETl5b vector with 
ligation of the insert at Nde I and 
Xho I, as suggested above. Target 
protein eXl'rcssion would begin at 
the promoter region. which is 
downstream (on this diagram) from 
the Xba I site to [he stop codon at 
the Xho I site. 

However, regardless of the fact that the Xba I site is not located within the 

pET 15b cloning region and therefore, immediately oriented the insert in the wrong 

direction, the choice to use Xba I fo r ligation of the HspurL insert into the pET vector 

was poor for another reason, as well . 

The Xba I restriction site is located approximately 50 base pairs downstream of 

the 6x-Histidine tag, which is located downstream from the Nde I restriction site (See 
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