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Abstract
Here we introduce a fast, cost-effective, and highly efficient method for production of soluble
fluorescent proteins from bacteria. The method does not require optimization, and does not utilize
IPTG induction. The method relies on un-induced expression in the BL21-gold (DE3) strain of E.
coli and yields large amounts (up to 0.4 μmoles) of fluorescent protein from a 250 mL culture.
This method is much simpler than published methods, and can be used to produce any fluorescent
protein that is needed in biomedical research.
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Fluorescent proteins are widely used as reporters of molecular localization and molecular
interactions in cells or in model systems. Quantitative fluorescence spectroscopic
techniques, including Förster Resonance Energy Transfer (FRET)-based methods, often rely
on calibrations that utilize purified solutions of soluble fluorescent proteins of known
concentrations [1–5]. The production of such proteins from E. coli has traditionally relied on
extensive and time consuming optimization of bacterial cultures, followed by optimization
of Isopropyl β-D-1-thiogalactopyranoside (IPTG) induction of protein expression [6]. These
production methods, however, are never guaranteed to work, even after many laborious
optimization steps. Fluorescent proteins from commercial sources are very expensive, and
an efficient and cost-effective method of fluorescent protein production will be of great
utility to the researchers in the field. Here we report on such a method, which can be used
for the production of any soluble fluorescent protein. The method is based on the un-induced
expression of fluorescent proteins in a strain of E. coli, BL21-Gold (DE3). It does not
require optimization, and does not utilize IPTG. The yield of the method matches or
surpasses the best optimized scenarios for IPTG-induced protein yields.

We have expressed and purified four different fluorescent proteins using this new method.
The genes encoding for these fluorescent proteins were cloned into a commonly used and
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commercially available bacterial vector (pRSETB). The pRSETB-mCherry plasmid was a
gift from Dr. R. Tsien (University of California, San Diego, CA), and was used without
further manipulation. The yellow fluorescent protein (YFP) plasmid was a gift from Dr. M.
Edidin (Johns Hopkins University, Baltimore, MD). The GFP2 gene was received from Dr.
V. Raicu (University of Wisconsin, Milwaukee, WI) and the mTurquoise gene was a gift
from Dr. P. Park (Case Western Reserve University, Cleveland, OH). The cDNA for all four
proteins encoded a start codon, an N-terminal His-tag (6xHistidine) sequence, and the gene
for the fluorescent protein. To produce pRSETB-YFP, pRSETB-GFP2, and pRSETB-
mTurquoise, the fluorescent protein cDNA was inserted between the BamHI and Hind III
sites within the multiple cloning site of the pRSETB vector (which encodes for the PT7
promoter, pUC origin and Ampicillin resistance genes, and a stop codon at the 3′ end). All
the plasmids were sequenced using the T7 forward and T7-term primers by Genewiz, Inc.,
and were subsequently used for E. coli transformation.

In commonly used procedures, small cultures of bacteria are first optimized for protein
expression before moving to large cultures [6;7]. To do so, small cultures of LB media (~
5mL) are inoculated with a bacterial glycerol stock from a previous culture, or with a freshly
transformed E. coli colony. These cultures are then incubated at 37°C for different time
periods to yield different optical densities (as measured in a UV-Vis spectrometer). The
bacterial expression of fluorescent proteins is then induced by adding various amounts of
IPTG. The expression time is varied to find the optimal conditions that ensure the highest
yield of fluorescent proteins (usually assessed by SDS-PAGE). Once the optimum
conditions are identified for the small culture, a large culture (100mL to 1L) is initiated and
protein expression is induced with IPTG at the optimum optical density (Figure 1). Over the
past few years we have attempted to use this procedure to produce large quantities of
fluorescent proteins. Although we were successful several times, we also encountered many
challenges. The optimization procedure was time-consuming and the yields were often very
low, despite many optimization steps. Furthermore, the optimization did not always translate
from small to large culture, and the reproducibility was low. In addition, the optimal optical
density and IPTG concentration were different for each type of fluorescent protein and thus
separate optimization procedures were required for each protein. Lastly, the E. coli glycerol
stocks stored from previous bacterial cultures did not express the proteins under any of the
optimized conditions.

We discovered, however, that fluorescent proteins are produced in BL21-Gold (DE3) cells
without IPTG induction via un-induced expression that does not require optimization. BL21-
Gold (DE3) Competent Cells (Agilent Technologies) are integral to this method of
production, as other strains of E. coli did not prove suitable for high levels of un-induced
expression. The E. coli cells were transformed with YFP, mCherry, GFP2, and mTurquoise-
encoding plasmid DNA according to the manufacturer’s protocol. The bacteria were grown
in LB growth media containing 100 μg/mL Ampicillin salt (Sigma Aldrich). We inoculated
250–300mL of LB media with a freshly transformed bacterial colony and cultured it for 18–
22 hours at 37°C. To our amazement, we found that at the end of this long period of time
visibly large quantities of the fluorescent proteins were produced without any IPTG
addition. This was obvious from the change in the color of the LB media into the color of
the fluorescent protein. The exact harvesting time within the 18–22 hour time window was
not critical, unlike the stringent time requirements of common protocols.

To purify the fluorescent proteins, the intact cells were pelleted using a Beckman Coulter
centrifuge at 9000 rpm, 14 minutes, 4°C. The pellet was visibly colored (intense purple for
mCherry (Figure 2B) and bright yellow to bright green for YFP, mTurquoise and GFP2).
The intense color was an indication of successful fluorescent protein production and very
high protein yields which we have never observed using the established protocols. The
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pellets could be stored at −20C or immediately lysed using Bugbuster® Master Mix
(Invitrogen) with added protease inhibitor cocktail (complete mini EDTA-free tabs, Roche
Applied Science). The lysate was gently agitated for 20 minutes at room temperature before
centrifugation. Centrifugation was performed at 13000 rpm, at a temperature of 4°C, for 20
minutes. The supernatant of the bacterial lysate, which contained the fluorescent proteins,
was collected and the fluorescent proteins were purified by nickel affinity chromatography.
The column was filled with 2 mL of nickel-NTA Agarose resin (5Prime), which was pre-
equilibrated in 50 mM NaH2PO4 and 0.5 M NaCl at pH 8.0. The lysate was added to the
column in portions and equilibrated for 30–60 minutes after each lysate addition. A wash
buffer (50 mM NaH2PO4,0.5 M NaCl, pH 8.0 with 20 mM Imidazole PH 6.0) was applied
to the column three times, followed by an elution buffer (50 mM NaH2PO4, 0.5 M NaCl, pH
8.0 with 250 mM Imidazole PH 6.0) to collect the purified fluorescent protein fractions.
Upon the completion of elution, the collected protein solution was passed through a 0.22 μm
filter and the stock solutions (Figure 3) were stored at 4 °C. The concentration was measured
by collecting the absorption spectra using a UV-Vis spectrometer (Cary 50, Varian). The
yields measured for the different fluorescent proteins ranged from 0.02 μmoles to 0.4
μmoles, purified from a 250 mL culture. The fluorescent proteins produced from a single
trial were sufficient to use in tens of imaging experiments for calibration purposes.

While we do not understand the exact mechanism behind this un-induced mass protein
production, the critical step in the protocol is the long, 18–22h incubation time. The
phenomenon that we observe here is likely similar to the so-called “auto-induction” reported
previously [8;9]. It has been suggested that this auto-induction is caused by small amounts
of lactose (usually present in yeast extract in LB media), and can be inhibited by the
presence of glucose [8]. To test if glucose inhibits fluorescent protein production, we
prepared three cultures from freshly transformed colonies and added 1mg/mL glucose after
6h and 12h of shaking. In addition, we prepared a culture where we added 500 mg/mL of
glucose after 1h of shaking. In all these cases, after 22h we still observed high levels of
fluorescent protein expression (Figure 2). Therefore, the glucose did not significantly
suppress the production of fluorescent proteins in the absence of IPTG.

The spectral properties of the purified fluorescent proteins were recorded in a fluorometer.
Figure 4 shows the excitation and emission spectra of each of the four fluorescent proteins
that were produced and purified as described above. The resulting excitation and emission
spectra were identical to the ones reported in the literature [1;10]. Therefore, this method
provides a quick, high-yield production route for any soluble fluorescent protein that is
needed for imaging purposes in biophysical research.
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Figure 1.
Protocols for fluorescent protein expression in E. coli. The commonly used method is on the
left. Our new method is on the right.
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Figure 2.
The mCherry pellet. (A) IPTG-induced culture; (B) un-induced culture; (C) un-induced
culture, 1 mg/mL glucose added after 6h; (D) un-induced culture, 1mg/mL glucose added
after 12h; (E) un-induced culture, 500 mg/mL glucose added after 1h.
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Figure 3.
Purified stocks of fluorescent proteins in phosphate saline buffer. From left to right:
mCherry, mTurquoise, YFP and GFP2 solutions.
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Figure 4.
Excitation and emission spectra of the produced fluorescent proteins: EYFP, mCherry,
GFP2 and mTurquoise. The emission and excitation maxima (in nm) are also shown.
Spectra are identical to the ones reported in the literature [10].
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