
Introduction
Green Fluorescent Protein (GFP) is a commonly used
reporter molecule that can be visualized without cell lysis
using standard fluorescent microscopy. It is most often used
to monitor gene expression but can also be used to monitor
intracellular protein trafficking by creating C- and N-terminal
protein fusions. 

Monster Green™ Fluorescent Protein(a,b,c,d) is an improved
synthetic version of the green fluorescent protein gene from
the great star coral Montastrea cavernosa (hMGFP; 1). The
fluorescence intensity is increased compared to other com-
mercially available green fluorescent proteins. Peak 
excitation occurs at 505nm and peak emission occurs at
515nm. Standard FITC filters may be used to visualize
hMGFP fluorescence.

This article demonstrates transfection of Monster Green™
Fluorescent Protein in a human neuroblastoma cell line, 
SH-SY5Y. The SH-SY5Y cell line is commonly used to study
neuritogenesis, differentiation, and tumorigenesis (2–6).
Neuronal cells and cell lines have been transfected using
many different techniques with highly variable levels of 
success (7). Successful expression of Monster Green™
Fluorescent Protein in the SH-SY5Y cells was accomplished
by transfecting the hMGFP reporter vector using TransFast™
Transfection Reagent(e) and optimized conditions.

Methods
We cultured the human neuroblastoma cell line SH-SY5Y in
45% DMEM/45% F12-K medium supplemented with 10%
fetal bovine serum at 37°C in 5% CO2. For all transfection
experiments, we plated the cells in clear 24-well tissue 
culture plates (between 3–12 × 104 cells/well). Transfection
was investigated using various reagents, (TransFast™,
Transfectam®, Lipofectamine™ 2000, and TransIT®-
Neural™ Reagents), and initial experiments demonstrated
that TransFast™ Reagent produced the highest level of
transfection (Table 1). We performed all transfection reagent
comparisons and TransFast™ transfection optimization
experiments using the Renilla luciferase reporter vector
phRL-CMV(a,b,c,d,g) and the Renilla Luciferase Assay
System(b,c). All transfection reagents were used according to
the manufacturer’s instructions. 

We optimized TransFast™ transfection for cell density,
lipid:DNA ratio and amount, DNA amount, and incubation
time with the lipid:DNA mixture following Technical Bulletin
#TB260 (Table 2). The optimal conditions were: ~20–30%
cell confluency at time of transfection, 0.75µg plasmid DNA
and 4.6µl TransFast™ Reagent (2:1 charge ratio of
TransFast™ Reagent:DNA) in 200µl Opti-MEM medium per
well, with a 1-hour exposure time before adding complete
medium.

These transfection conditions were used to introduce the
Monster Green™ Fluorescent Protein vector (phMGFP) into
the SH-SY5Y cells. Forty-eight hours following transfection
the cells were viewed under a Zeiss Axiovert® S100 fluores-
cent microscope using 470/40nm excitation filter and a
515nm long-pass emission filter. The imaging data was 
collected using Spot Diagnostic Imaging equipment.

Results and Discussion
We optimized transfection of the human neuroblastoma 
SH-SY5Y cells for various transfection parameters, including
transfection reagent, DNA and lipid amount, cell confluency
and incubation time with the DNA:lipid mixture using Renilla
luciferase vectors. All of the reagents tested 
recommended transfection at cell densities of at least 50%,
so approximately 50% confluency and 75% confluency were
tested. The results of this initial experiment are shown in
Table 1 and demonstrate that TransFast™ Reagent showed
maximal Renilla luciferase reporter activity compared to the
other transfection reagents tested.

The use of the TransFast™ Transfection Reagent with 
SH-SY5Y cells was further optimized for cell density and
incubation time with the DNA:lipid mixture when using
0.75µg of plasmid at a 2:1 charge ratio of lipid:DNA per 
well. The results are shown in Table 2 and demonstrate that
lower cell density and an 1-hour incubation period with the
DNA:lipid mixture were optimal for SH-SY5Y cells. The
TransFast™ Transfection Reagent has also been shown to 
be successful for transfecting human dendritic cells and pri-
mary neurons with GFP (8,9).

Introducing the Monster Green™ Fluorescent Protein
phMGFP vector using the TransFast™ Transfection Reagent
and the optimized transfection conditions resulted in the 
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We expressed an improved green fluorescent protein, Monster Green™ Fluorescent Protein, in a human neuroblastoma cell line,
SH-SY5Y. Optimized transfection was accomplished using TransFast™ Transfection Reagent. Expression of the Monster Green™
Fluorescent Protein was bright and did not appear to interfere with the development of normal neuronal cell morphology. 



expression of detectable green fluorescent protein in the SH-
SY5Y cells (Figure 1A). In addition, the cells expressing
Monster Green Fluorescent Protein were still able to maintain
and/or develop neuron-like morphology, suggesting the nontox-
ic nature of this reporter molecule (Figure 1B). Notice the
branching neurites forming in the center cell in Figure 1B.
This supports earlier results in which Monster Green™
Fluorescent Protein exhibited persistent expression in NIH3T3
cells over a 7-day period, again suggesting the nontoxic nature
of the Monster Green™ Fluorescent Protein compared to other
commercially available green fluorescent reporter proteins (1).

Conclusion
We transfected human neuroblastoma SH-SY5Y cells using
an optimized protocol and TransFast™ Transfection Reagent.
The transfection efficiency was confirmed using the Monster
Green™ Fluorescent Protein phMGFP Vector, which was
shown to express bright green fluorescent protein that did not
appear to interfere with normal cell morphology (i.e., neurite
formation). This transfection reagent and reporter vector may
be useful for other neural cell types as well. ■

Table 1. Comparison of Transfection Reagent Efficacy in SH-SY5Y Cells 

Renilla Luciferase Activity Relative to
Transfection Reporter Activity TransFast™ Reagent Optimized
Reagent (Relative Light Units) (set to 100%) Conditions

TransFast™ 125277 100% 0.75µg plasmid
Reagent (±5484) 4.6µg reagent

44–55% confluency

Transfectam® 36629 29% 1.0µg plasmid
Reagent (±2942) 2µl reagent

70–80% confluency

Lipofectamine™ 90080 72% 1µg plasmid
2000 (±3518) 1µl reagent

70–80% confluency

TransIT® Neural™ 39286 31% 1µg plasmid
Reagent (±3116) 1µl reagent

70–80% confluency

Results are the average of triplicates. DNA amounts varied from 
0.25–1.0µg/well in a 24-well plate, while reagent amounts varied 
from 0.5–8.0µl/well. Cell density was either ~45–55% or 70–80%.

Table 2. Renilla Luciferase Reporter Activity for SH-SY5Y Cells 
Transfected Using TransFast™ Transfection Reagent at Different
Cell Densities and Incubation Times with the DNA/Lipid Mixture.

Cell Density (cells
plated/well; approxi-
mate confluency of , Luciferase
well at time of Incubation Reporter Activity
transfection) Time (hours) (Relative Light Units)

3 × 104 (~20–30%) 1.0 540526 ±28026 (*100%)

3 × 104 (~20–30%) 2.5 228881 ±12444 (*42%)

6 × 104 (~40–50%) 1.0 341381 ±15069 (*63%)

6 × 104 (~40–50%) 2.5 388493 ±19424(*72%)

12 × 104 (~75–85%) 1.0 51322 ±3113 (*10%)

12 × 104 (~75–85%) 2.5 27977 ±2263 (*5%)

*percent relative to best
Results are the average of quadruplicates. The DNA amount was 
0.75µg/well, and the lipid amount was 4.6µl/well in a 24-well plate.
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Figure 1. Expression of Monster Green™ Fluorescent Protein in
transfected human neuroblastoma SH-SY5Y cells forty-eight hours
following transfection. Image B was taken using a higher power
objective than image A.
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Protocols
Monster Green™ Fluorescent Protein phMGFP Vector
Technical Bulletin #TB320
(http://www.promega.com/tbs/tb320/tb320.html)

TransFast™ Transfection Reagent Technical Bulletin
#TB260 
(http://www.promega.com/tbs/tb260/tb260.html)

Synthetic Renilla Luciferase Reporter Vectors Technical
Manual #TM237
(http://www.promega.com/tbs/tm237/tm237.html)

Renilla Luciferase Assay System Technical Manual #TM055
(http://www.promega.com/tbs/tm055/tm055.html)

Ordering Information
Product Size Cat.#

Monster Green™ Fluorescent Protein 
phMGFP Vector(a–d) 20µg E6421

TransFast™ Transfection Reagent(e) 1.2mg E2431

phRL-CMV Vector(a,b,c,d,g) 20µg E6271

Renilla Luciferase Assay System(b,c) 100 assays E2810

1,000 assays E2820
(a)For Nonprofit Organization research use only. Specifically, researchers at Nonprofit

Organizations may use this product in their research and they may transfer derivatives of the
product to colleagues at other Nonprofit Organizations provided that such colleagues agree in
writing to be bound by the terms and conditions of this label license. Researchers may not
transfer this product or its derivatives to researchers at other organizations, which are not
Nonprofit Organizations, without the express written consent of Promega and without those
entities having an express license from Promega for the use of the product. Other than as
specifically provided here, an authorized transferee of this product shall have no right to
transfer this product or its derivatives to any other person or entity. A Nonprofit Organization
performing research using this product for a for-profit organization also shall be considered
for-profit. For-profit entities purchasing this product shall have six (6) months to evaluate the
product in their research. Thereafter, such for-profit entities shall either contact Promega
Corporation and take a license for their continued use of the product or destroy the product and
all derivatives thereof. With respect to any therapeutic or diagnostic uses by any entity, please
contact Promega Corporation for supply and licensing information.

(b)Certain applications of this product may require licenses from others.
(c)Patent Pending.
(d)The CMV promoter and its use are covered under U.S. Pat. Nos. 5,168,062 and 5,385,839

owned by the University of Iowa Research Foundation, Iowa City, Iowa, and licensed FOR
RESEARCH USE ONLY. Commercial users must obtain a license to these patents directly from
the University of Iowa Research Foundation.

(e)The cationic lipid component of the TransFast™ Transfection Reagent is covered by U.S. Pat.
Nos. 5,824,812, 5,869,715 and 5,925,623, Australian Pat. No. 713093 and pending foreign
patents.

(f)Transfectam is a registered trademark of Promega Corporation, which sells the Transfectam®

product for research purposes only under a license from Polyplus-Transfection. The
Transfectam® product was developed by J.P. Behr and J.P. Loeffler and is covered by U.S. Pat.
Nos. 5,171,678, 5,476,962, 5,616,745 and corresponding foreign patents.

(g)Licensed under U.S. Pat. Nos. 5,292,658, 5,418,155 and other patents.

Transfectam is a trademark of Promega Corporation and is registered with the U.S. Patent and
Trademark Office. Monster Green and TransFast are trademarks of Promega Corporation.

Axiovert is a registered trademark of Zeiss. Lipofectamine is a trademark of Life Technologies.
Neural is a trademark of Mirus Corporation. TransIT is a registered trademark of Mirus
Corporation.
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