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Abstract 

 Protonation of green fluorescent protein (GFP) in acidic conditions prevents the emission 

of fluorescent light and limits the ability to visualize, localize, and study acidic organelles. 

Therefore, it is critical to introduce mutations into enhanced GFP (EGFP) to generate acid-

tolerant fluorescent proteins. This experiment aimed to replicate a threonine to isoleucine 

mutation at position 204 in EGFP and identify if acid-stable fluorescent proteins would be 

produced in the BL21(DE3) Escherichia coli system. Site-directed mutagenesis was utilized to 

generate T204I mutant EGFP. SDS-PAGE and fluorescence microscopy were employed to 

analyze induction success and fluorescence. Spectrofluorophotometry was used to determine the 

excitation and emission spectra of T204I mutant EGFP and whether acid-tolerant proteins were 

generated. Results illustrated that the mutation of threonine to isoleucine at position 204 

produced fluorescent proteins at pH 7. However, at pH 6 and 5, proteins failed to fluoresce. The 

replication of the T204I mutation failed to generate acid-stable EGFP proteins in the BL21(DE3) 

E. coli system. There is significance in generating acid-stable cellular markers, as currently, no 

cellular markers thrive in acidic conditions. This limits the ability to study acidic organelles and 

acidic cellular processes. Creating acid-tolerant markers will permit a greater range of biological 

research. 

Introduction 

Green fluorescent protein (GFP) is a small, naturally occurring protein isolated from the 

jellyfish Aequorea victoria (Chalfie, 1995). GFP natively folds into an 11-stranded beta-barrel 

surrounding a central alpha helix (Kain, 1999). Within positions 65-67 of the helix lies a serine-

tyrosine-glycine tripeptide sequence that cyclizes to form the fluorescent chromophore, the 

segment of protein that emits light (Kain, 1999; Remington, 2011). GFP’s spectral abilities occur 
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when the chromophore absorbs ultraviolet (UV) radiation at its excitation maxima of 488 nm 

(Chalfie, 1995). A short, high-energy wavelength converts electrons within the chromophore into 

high-energy states that experience a transient excited lifetime with gradual energy losses as heat 

(Remington, 2011). Fluorescence occurs when excitation can no longer be sustained. Electrons 

emit residual energy as longer, lower energy wavelengths of green light, returning GFP to its 

stable ground state (Kain, 1999; Kennis et al., 2004; Tsien, 1998). Shielding the chromophore 

through the beta-barrel allows regulated absorption and emission of energy and protection from 

fluorescence quenching, contributing to GFP stability and functionality (Follenius-Wund et al., 

2003; Jain et al., 2009). GFP’s stable structure protects the internal protein environment, 

encouraging favourable events contributing to fluorescence production. 

GFP’s spectral abilities have granted researchers an essential experimental tool. Since the 

protein is not species-specific and does not require additional gene products from A. victoria, 

GFP expression in eukaryotes is possible (Chalfie et al., 1994). In vivo, GFP cDNA is stable, 

non-toxic, can be cloned, and can be detected non-invasively (Rosochacki & Matejczky, 2002). 

However, limitations arise following the expression of GFP proteins in vivo. Long periods of UV 

radiation alter the chromophore’s structure and stability, fading fluorescent signals and causing 

photobleaching (Corish & Tyler-Smith, 1999). Additionally, substandard pH and temperature 

conditions in vivo modify the protein’s hydrogen bond network, altering protein folding and 

structure (Ward, 2005). To prevent loss of fluorescence in vivo, mutations introduced near the 

chromophore can prevent structural changes and stabilize the hydrogen bond network (Falkow et 

al., 1996). 

The enhanced green fluorescent protein (EGFP) is a behaviourally optimized GFP 

mutant. Mutagenesis of EGFP replaces large amino acids with smaller ones, generating more 
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efficient folding, a further stabilized structure, and more tightly packed proteins (Arpino et al., 

2014; Tsien, 1998). EGFP contains two mutations: a phenylalanine to leucine mutation at 

position 64 and a serine to threonine mutation at position 65 (Falkow et al., 1996). Introducing 

leucine and threonine promotes tighter protein folding and a more favourable hydrogen bond 

network, improving GFP's overall stability and structure (Arpino et al., 2012). The enhanced 

protein structure results in a 35 times stronger fluorescent signal, improved solubility, and greater 

expression in mammalian systems (Falkow et al., 1996). EGFP development provided 

researchers with a more powerful, longer-lasting fluorescent signal, enabling the study of protein 

dynamics and localization, examination of gene expression at single and multiple cell levels, and 

visualization of tagged organelles (Cinelli et al., 2000; Jiang et al., 2007; Utrtna & O'Byrne, 

2014). By creating more experimentally favourable GFP variants, better fluorescent signals can 

improve the quality and range of scientific research. 

EGFP is limited in the imaging of acidic organelles. Deviation from EGFP's neutral pKa 

of 6 triggers protonation at position 204 tyrosine, disrupting the internal hydrogen bond network 

and preventing fluorescence in acidic conditions (Roberts et al., 2016; Shinoda et al., 2018). The 

lack of acid- tolerant cellular markers prevents understanding acidic organelles and cellular 

processes like lysosomes and endocytosis (Roberts et al., 2016). Consequently, there is a limited 

comprehension of acidic organelles' mechanisms, structures, and pathophysiology, clouding the 

greater understanding of cell biology. To develop an acid-tolerant marker, Kneen and colleagues 

(1998) introduced a threonine to isoleucine mutation at position 204 to prevent protein 

protonation. The authors found that isoleucine changed EGFP's pKa to 4.8, enabling 

fluorescence in acidic conditions by preventing protonation events. It is essential to recreate the 

threonine to isoleucine mutation identified by Kneen and researchers (1998), as the development 
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of an acid-tolerant marker can extend the current knowledge of EGFP and the field of molecular 

biology and provide a better understanding of acidic organelles and processes. 

This experiment aimed to replicate Kneen and colleagues’ (1998) previously acid-stable 

threonine to isoleucine mutation at position 204 to identify whether expression in the BL21 

(DE3) E. coli system would produce the same acid-stable fluorescent proteins. If a threonine to 

isoleucine mutation at position 204 is introduced into EGFP, then acid-tolerant proteins will be 

generated since isoleucine will alter the protein pKa to 4.8 and prevent protonation events that 

inhibit fluorescence. To generate the T204I mutant, recombinant EGFP plasmids were subjected 

to site-directed mutagenesis. Nickel affinity chromatography was used to purify mutant EGFP 

proteins, and separation by molecular weight was carried out by SDS- PAGE. Fluorescence 

microscopy was used to analyze fluorescence, and spectrofluorophotometry was utilized to 

identify whether proteins were stable in acid. 

Materials and Methods 

 To generate mutant T204I EGFP, recombinant pET15-EGFP plasmids were provided by 

Dr. Kimberly Harcombe and Dr. Habib Rezanejad. Recombinant plasmids were subjected to  

QuikChange site-directed mutagenesis using specific, designed forward and reverse primers 

following procedure outlined in the lab manual (figure 1) (Harcombe, 2023). T204I mutant 

EGFP was then transfected into the BL21(DE3) E. coli strain and induced using IPTG1 reagent. 

Since a hexapeptide tag was engineered into the recombinant EGFP plasmid, expressed mutant 

proteins were purified and collected by Ni-NTA affinity chromatography. BL21(DE3) E. coli 

expressing mutant EGFP protein were lysed, and protein separation was carried out using SDS-

PAGE to confirm mutational success. Transfection, induction, Ni-NTA affinity chromatography, 

and SDS-PAGE was carried out following provided procedure (Harcombe, 2023).  
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Generation of the T204I mutation was confirmed by preparing an aliquot of QuikChange 

mutant EGFP sample for Sanger Sequencing. T7 terminator primers provided by Dr. Kimberly 

Harcombe and Dr. Habib Rezanejad were used to carry out sequencing (Harcombe, 2023). 

Samples were sent to the Molecular Biology Services Unit in the Department of Biological 

Sciences at the University of Alberta. The ABI 3730 Genetic Analyzer was used to separate cycle 

sequencing products. Sequence analysis was conducted using CLC Genomics Workbench 23 and 

FinchTV following lab manual procedure (FinchTV, 2023; Harcombe, 2023; QIAGEN, 2023;). 

T204I mutant EGFP fluorescence was analyzed using fluorescence microscopy. Four 

different samples of BL21(DE3) E. coli were prepared following given procedure: uninduced 

wildtype EGFP culture, uninduced mutant T204I EGFP culture, induced wildtype EGFP culture, 

and induced T204I mutant EGFP (Harcombe, 2023). The Olympus BX51 TRF fluorescence 

microscope at MacEwan University was used to assess fluorescence, and cellSense Standard 

software was used for image capturing (Olympus, 2023). 

Spectrofluorophotometry was used to assess the T204I mutational success. pH 7, 6, and 5 

solutions were created to test mutant EGFP stability in acidic conditions. A pH 7 solution was 

prepared following procedure (Harcombe, 2023). A pH 6 solution was prepared by combining 

3mL mQH2O, 0.263 mL NaH2PO4, and 0.036 mL Na2H2PO4, provided by Jennifer Bubenko of 

MacEwan University. 1mL of pH 6 solution was added to a mixture of 0.5 mL purified T204I 

mutant EGFP from QuikChange mutagenesis and 1.5 mL of buffer B. pH was tested, and 

NaH2PO4 was added in 0.500 mL increments until pH 6 was achieved. Preparation of pH 5 

solution was carried out by combining 3mL mQH2O, 0.263 mL NaH2PO4, and 0.036 mL 

Na2H2PO4, with an additional 1 mL NaH2PO4 to achieve final pH 5. 1 mL of pH 5 solution was 

added to a mixture of 0.5 mL purified T204I mutant EGFP from QuikChange mutagenesis and 
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1.5 mL of buffer B. pH was tested, and NaH2PO4 was added in 0.500 mL increments until pH 5 

was achieved. The Shimadzu RF-5301 PC Spectrophotometer at MacEwan University was used, 

and the RF-530XPC program was utilized to obtain maxima values (Shimadzu, 2023). 

Results 

DNA sequencing and sequence chromatography revealed the quality of mutant EGFP 

DNA (figure 2). Figure 2A illustrates only the threonine to isoleucine mutation at position 204, 

with no additional mutations in the sequenced EGFP DNA. Figure 2B illustrates tall, sharp, well-

separated chromatography peaks. No evidence of secondary peaks, problematic sequences, 

artifacts, or ambiguities suggests good quality sequenced EGFP DNA. 

SDS-PAGE provided a high-resolution separation of proteins in BL21 (DE3) E. coli 

samples (figure 3). EGFP proteins separated to 29 kDa (figure 3). No EGFP band was present in 

the E. coli cell pellet (figure 3, lane 1). Mutant EGFP proteins were found following IPTG 

induction (figure 3, lanes 3- 6). EGFP proteins were found in E. coli cell lysis and various Ni-

NTA affinity chromatography washes (figure 3, lanes 7-9). Elution of EGFP proteins yielded the 

thickest EGFP band (figure 3, lane 10). 

Fluorescence microscopy was utilized to identify differences in fluorescence between 

induced and uninduced E. coli and wild-type and mutant E. coli (Figure 4). Uninduced wild type 

and mutant EGFP produced faint fluorescent signals (figure 4A; 4C). Induced wildtype and 

mutant EGFP generated bright signals that were non-differentiable (figure 4B, 4D). 

Spectrofluorophotometry compared the excitation and emission spectra between wild-

type and mutant EGFP at pH 7, 6, and 5 (table 1). As depicted by table 1, expected excitation and 

emission maxima were obtained for wildtype EGFP. However, mutant EGFP illustrated 
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unexpected deviations, like two excitation maxima at pH 7. Table 1 indicated that mutant 

proteins were brighter at pH 7 and 6, while wild-type proteins were brighter at pH 5.  

Discussion and Conclusion 

To obtain T204I mutant EGFP proteins, BL21(DE3) E. coli was utilized. This strain was 

significant for EGFP expression because of its high transformation efficiency, rapid growth, and 

high quantity of proteins produced (Kim et al., 2017). Additionally, the BL21(DE3) strain 

contains the T7 promoter system. Upstream of the EGFP gene lies the T7 promoter, which 

silences gene activity until the activation of T7 RNA polymerase (Tabor, 1990; Du et al., 2021). 

The T7 RNA polymerase gene is regulated by the lac repressor, an inhibitor produced by the lac 

operon found within the E. coli chromosome (Harcombe, 2023). The lac repressor prevents the 

synthesis of the T7 RNA polymerase, regulating the expression of the gene downstream of the 

T7 promoter (Harcombe, 2023). Treating BL21(DE3) E. coli with IPTG results in EGFP 

expression, as IPTG inhibits the lac repressor, synthesizing the T7 RNA polymerase and binding 

to the T7 promoter (Harcombe, 2023). The BL21 (DE3) E. coli T7 promoter system was 

effective because no EGFP expression occurred without T7 RNA polymerase, and prevention of 

selection against plasmid maintenance occurred, generating a high yield of proteins when 

induced. 

Mutagenic PCR was performed using designed mutagenic primers (figure 1). The 

mutagenic primers ensured the mutation of only threonine and prevented additional mutations 

from occurring. DNA sequencing confirmed the success of mutagenesis by analyzing quality and 

coverage. Figure 2A aligns the sequenced mutant EGFP DNA and mutagenesis PCR products 

with the desired EGFP sequence. The alignment illustrated the desired threonine to isoleucine at 

position 204, indicating the success of site- directed mutagenesis. No additional mutations were 
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present in the alignment, suggesting no unwanted fluorescence or protein structural changes will 

occur. Figure 2B sequence chromatogram indicates tall and well-separated peaks with no 

artifacts or ambiguities within the EGFP DNA. The observed chromatogram indicates good-

quality DNA. However, there was 1X coverage because only the T7 terminating primer was used 

to sequence each nucleotide once. Reduced coverage limited the ability to conclude that the 

sequenced DNA was correct (Xu et al., 2018). If ambiguities and artifacts were present on the 

chromatogram, there was no secondary sequence to compare and identify mistakes. However, the 

lack of ambiguities, artifacts, and distinct, sharp peaks suggested that the EGFP sequence 

obtained was accurate and mutated correctly. 

SDS-PAGE was used to separate EGFP proteins based on size to further identify 

mutagenesis success. It was expected that proteins would separate around 29 kDa because the 

mutation of threonine to isoleucine, along with the hexapeptide histidine tag, would increase the 

molecular weight from 26 kDa to 29 kDa (Kneen et al., 1998). As depicted in figure 3, the EGFP 

protein band was found at 29 kDa. This indicates no additional mutations that could alter 

molecular weight. If the band was found at a different location, it could be deduced that 

additional mutations were present to alter the molecular weight. Since the EGFP band separated 

to the expected weight, it was confirmed that mutagenesis was successful. 

Figure 3 illustrates the success of EGFP protein production after induction. The 

uninduced cell pellet in lane 2 exhibited no significant 29 kDa band (figure 3). BL21 (DE3) E. 

coli were grown in the absence of IPTG, preventing the production of EGFP. The T7 RNA 

polymerase was inhibited by the lac repressor produced by the lac operon, preventing the 

synthesis of proteins. Adding IPTG to E. coli produced a 29 kDa band, as seen in lanes 3-6, 

indicating successful induction and protein expression (figure 3). IPTG prevented the production 
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of the lac repressor, encouraging T7 RNA polymerase production and binding to the T7 promoter 

upstream of the mutant EGFP gene (Du et al., 2021; Harcombe, 2023; Tabor, 1990). EGFP bands 

became thicker as time lapsed, indicating continuous induction and accumulation of proteins, 

with the most induction occurring after 120 minutes (figure 3). 

Additionally, SDS-PAGE indicated successful purification of EGFP proteins during Ni-

NTA affinity chromatography (figure 3). Mutant EGFP proteins expressed a hexapeptide 

histidine tag that interacted with the nickel column, encouraging EGFP protein binding and 

preventing non-specific interactions (Harcombe, 2023). Lane 10 illustrates that the disruption of 

the His-tag and nickel bond causes the elution of EGFP proteins off the column (figure 3). 

However, as illustrated in lanes 8 and 9, washing the column resulted in the loss of some EGFP 

proteins (figure 3). EGFP loss occurred due to contaminants outcompeting EGFP for nickel 

binding and breaking of weak histidine-nickel bonds (Pina et al., 2014). Although some EGFP 

protein was lost, the majority was collected during column elution, producing proteins ready for 

mutational success analysis. 

Fluorescence microscopy was used to identify differences in fluorescence between BL21 

(DE3) E. coli samples. Figures 4A and 4C illustrate that uninduced wild-type and mutant E. coli 

produced faint fluorescent signals. This is because of the leaky expression of the T7 promoter 

system in BL21 (DE3) E. coli. The T7 RNA polymerase has basal expression due to imperfect 

control of the lac operon (Spehr et al., 2000). Infrequently, the lac operon can naturally become 

repressed, producing the T7 RNA polymerase (Spehr et al., 2000). Consequently, there was 

minute EGFP protein production in the absence of IPTG, resulting in a faint fluorescent signal, 

as seen in figures 4A and 4C. Following IPTG induction, a strong, intense fluorescence signal 

was produced, as complete control of the lac operon occurred. The fluorescent signal produced 
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by induced wild type and mutant EGFP was non-distinguishable, both intense, bright green 

signals. There was no change in fluorescence signal observed at pH 7 because the threonine to 

isoleucine mutation did not change the structure of the chromophore (Kneen et al., 1998). 

The acid tolerance of the mutant EGFP was tested by analyzing and comparing the 

excitation and emission maxima to wild-type EGFP in pH 7, 6, and 5 (table 1). Mutant EGFP 

proteins at pH 7 were excited by a 397 nm wavelength, which was shifted from the wild-type 

excitation maximum of 491 nm. This is because the isoleucine at position 204 altered the 

stability of the chromophore, requiring a higher energy wavelength to become excited (Kneen et 

al., 1998). Additionally, the production of two excitation maxima illustrated the presence of a 

neutral and ionized form of EGFP (table 1) (Walker et al., 2021). The 397 nm excitation 

maximum correlates to the neutral form of EGFP, while the 508 nm represents the ionized EGFP. 

Usually, ultraviolet radiation excites electrons, keeping EGFP neutral (Brejc et al., 1997; 

Drobizhev et al., 2015; Walker et al., 2021). However, the absorption of excess UV radiation 

triggered the loss of electrons within the chromophore, leading to EGFP ionization (Brejc et al., 

1997; Drobizhev et al., 2015; Walker et al., 2021). The ionized form then required a higher 

wavelength of energy to become excited, as seen in the 508 nm wavelength in table 2 (Drobizhev 

et al., 2015). The emission maximum of mutant EGFP was 515 nm, different from the wild type 

509 nm because the isoleucine destabilized the chromophore, requiring a higher energy 

wavelength for excitation (Kneen et al., 1998). 

Further testing of mutant EGFP in acid depicted the failure of the proteins to fluoresce in 

acid. At pH 6 and 5, excitation shifts from the expected 397 nm to 503 nm and 509 nm, 

respectively, as expected (Kneen et al., 1998). This indicated the further destabilization of the 

chromophore, requiring more energetic wavelengths for excitation (Drobizhev et al., 2015). At 
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pH 6, fluorescence still occurred at the expected 515 nm range. However, at pH 5, fluorescence 

was lost as the excitation maximum was undetected (table 2). The significant loss of fluorescence 

in acid can be attributed to the complete destabilization of EGFP's hydrogen bond network. The 

original threonine 204 was required to form a hydrogen bond with histidine 148 (Brejc et al., 

1997). This bond contributed to the stabilization of EGFP and the chromophore. Mutation of 

threonine removed the bond and destabilized the protein. Additionally, threonine 204 donated a 

hydrogen bond to tyrosine 66 of the chromophore, further stabilizing the protein (Agmon, 2005; 

Brejc et al., 1997). Introducing isoleucine at position 204 removed the hydrogen bond, 

destabilizing the chromophore. The mutation at position 204 also impacted the neighbouring 

serine 205 required to interact with tyrosine 66 (Agmon, 2005; Aslopovsky et al., 2023). 

Isoleucine altered the shape of EGFP, preventing serine 205 from creating hydrogen bonds with 

tyrosine 66 (Agmon, 2005). Finally, the tyrosine to isoleucine mutation blocked a natural proton 

pathway channel in EGFP (Agmon, 2005). The threonine 204 created a channel that allowed the 

movement of protons out of the internal protein environment (Agmon, 2005). Introducing 

isoleucine blocked the channel, causing an internal proton buildup that disrupts the 

chromophore's hydrogen bonding network (Agmon, 2005). The threonine to isoleucine mutation 

failed to generate acid tolerant EGFP proteins because of disruption of the protein’s hydrogen 

bond network. 

In the present report, it is evident that the threonine to isoleucine mutation at position 204 

fails to produce acid tolerant EGFP proteins. Position 204 threonine is required to stabilize and 

encourage hydrogen bonding within the chromophore and whole protein (Agmon, 2005; Brejc et 

al., 1997; Walker et al., 2021). Substituting threonine with isoleucine disrupts the hydrogen 

bonding network, resulting in protein destabilization and loss of function in acidic conditions 
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(Agmon, 2005; Brejc et al., 1997; Walker et al., 2021). Future directions include confirming the 

disrupted hydrogen bond network using X-ray crystallography and fluid chromatography to 

identify protein structure and folding (Goetz et al., 2014; Rahat et al., 2009;). Additionally, 

removing the hexapeptide histidine tag using protease can be pursued to determine if acid 

stability would differ. Identification of different mutations that successfully cause acid tolerance 

is essential. Currently, there is a lack of acid tolerant cellular markers that can be used to 

visualize acidic organelles and processes. As a result, there is a poor comprehension of the 

mechanisms and processes that occur in cellular conditions and organelles. Creating acid-tolerant 

cellular markers will enable researchers to study and understand acidic conditions deeply. The 

greater field of science will be improved as a better understanding of cells and physiology will be 

obtained, and researchers have access to better in vivo tools, bringing forth a greater possibility 

of research in different fields. 
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Figures and Tables 

 

Figure 1: Analysis of wildtype EGFP, T204I mutant EGFP, and designed primer sequences. 

CLC Genomics Workbench 23 was utilized to identify and mutate position 204 threonine, and 

design mutagenic primers for QuikChange (QIAGEN, 2023). The EGFP sequence was provided 

by Dr. Kimberly Harcombe and Dr. Habib Rezanejad. 1A: protein sequence of wildtype EGFP. 

1B: desired T204I mutant EGFP protein sequence. Boxes indicate desired nucleotide. Numbers 

correspond to nucleotide position. Asterix illustrate stop codon. 1C: designed forward primer 

nucleotide sequence. 1D: designed reverse primer nucleotide sequence. Capitalized Letters 

illustrates mutant nucleotide. 5’ and 3’ represent 5’ and 3’ ends of the primers. Numbers illustrate 

nucleotide position. 
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Figure 2: Sequence and quality analysis of mutant EGFP DNA. Sanger sequencing was utilized 

to determine mutant EGFP DNA sequence. Samples were sent to the Molecular Biology Services 

Unit in the Department of Biological Sciences at the University of Alberta. The ABI 3730 

Genetic Analyzer was used to separate cycle sequencing products. CLC Genomics Workbench 

23 was used to obtain the sequence alignment and chromatogram (QIAGEN, 2023). 1A: 

alignment of PCR products using T7 terminator primers, reverse complement of mutant EGFP 

DNA, and Sanger sequenced 44-12B_Mimi_045-1 DNA. Consensus represents the most 

common nucleotide. Conservation indicates the percent of amino acid conservation. 1B: 

sequence chromatogram of mutant EGFP. 44-12B_Mimi_045 represents DNA sequence. Trace 

data illustrates sequence chromatogram. Numbers represent nucleotide position.     
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Figure 3: Analysis of induction and purification of mutant EGFP proteins from BL21 (DE3) E. 

coli. SDS-PAGE was utilized to stain and separate mutant EGFP proteins by size with 

Coomassie blue. Dashes correspond to molecular mass. Arrow indicates desired mutant EGFP. 

Lane number corresponds to lane numbers. Lanes are as follows: ladder, 10 uL Precision Plus 

Protein Kaleidoscope Standard; cell pellet, 10 uL E. coli pellet; 30–120-minute, 25 uL of 

purification after 30-minute increments of IPTG induction; cell lysis, 25 uL E. coli lysis; flow 

through, 25 uL of flow through from nickel-affinity chromatography; column wash, 25 uL of 

column wash collected during nickel-affinity chromatography; elution, 25 uL of purified mutant 

EGFP following nickel-affinity chromatography.  
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Figure 4: Examination of induced and uninduced BL21 (DE3) E. coli expressing either wildtype 

or acid-tolerant EGFP. An Olympus BX51 TRF fluorescence microscope was used to visualise 

fluorescence intensity. Letters are as follows: A, uninduced wild-type E. coli; B, induced wild-

type E. coli; C, uninduced T204I mutant EGFP E. coli; D, induced T204I mutant EGFP E. coli.  
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Table 1: excitation maxima, emission maxima, and specific activity of wildtype and mutant DL21 (DE3) 

E. coli at pH 7, 6, and 5.  

E. coli Type pH Excitation 

maxima  

(nm) 

Emission 

maxima 

(nm) 

Specific 

Activity 

Wildtype 7 491 509 1.69 

Wildtype 6 492 509 0.421 

Wildtype 5 489 508 0.125 

Mutant 7 397 

508 

515 3.08 

Mutant 6 503 512 3.02 

Mutant 5 509 0 0 

 

 

 


