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Cell penetrating peptides (“CPPs”) have a huge role to play in both research and drug
delivery. That CPPs have not been more widely employed is largely due to the effort required
to make and purify these reagents. The difficulty in making a choice of the wide variety of cellpenetrating motifs available and reports of their conflicting capability in the literature has only made
the decision to use them harder. Making a cell penetrating version of a desired protein is thus an
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A Quick Guide to CPPs
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Cupid works with companies, academic research
institutions and individual researchers in three ways.
Consecutive fluorescence images were taken of live Mouse Heart Cells
at the time indicated following addition of 5 uM Cupid-GFP

First, we can provide a growing range of ready to ship products based around well known
proteins and peptides such as PKI, PTEN and p53. These can be linked to either Cupid
alone or Cupid-GFP, and we can supply you with suitable control peptides. Cupid peptides
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To demonstrate that Cupid’s effectiveness as a CPP3, CPL
conjoined the Cupid-CPP sequence with the green
fluorescent protein (GFP) from Aequorea victoria
Jellyfish. GFP is a large protein that, when correctly
folded and exposed to light in the blue to ultraviolet
range, exhibits bright green fluorescence.

GFP molecule demonstrates the power of the Cupid CPP
in being able to penetrate cell membranes with proteins
much larger than itself. The significance of this result will
be underlined with a major academic paper CPL is
working on together with a UK university.

Cupid-GFP is a powerful research tool. When it is
dissolved in solution the GFP component remains
unfolded and is not fluorescent. However, when the
solution is added to living cells, the cells become
fluorescent within 1 hour (Figure A). This demonstrates
that Cupid-GFP has both (1) penetrated the cell
membrane and (2) the GFP component has been folded
into its fluorescent form within the cell. Furthermore the

Previous academic work has examined GFP conjoined
with CPPs of Class 1 and Class 21,2. Unlike Cupid-GFP,
these peptides were already fluorescent outside cells
and the authors concluded that the main property of
both CPPs was to mediate cell surface adherence. The
fluorescence showed the CPP-GFP trapped in vesicles,
demonstrating that the internalization of both Class 1
and Class 2 CPPs had occurred by endocytosis.
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The future of CPPs –
therapeutic applications

Strengths and weaknesses
different CPP
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Many manufactured proteins (such as Insulin and hormones) are
already widely used in therapeutic applications. Typically these
circulate in the blood and mimic the natural body product.
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which reduces their bioavailability and hence bioactivity within the
rest of the contents of the cell. Type 1 CPPs are, however, more
widely known and used.
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By delivering proteins directly into cells, Type 2 CPPs have great
therapeutic potential especially where target cells are located
around discrete fluid-filled reservoirs (such as brain fluid, spinal
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Different types of CPPs

CPPs are classified according to the physical mechanism
of cell penetration that they use. The cell membrane
contains mechanisms which are specifically designed to
facilitate the entry of certain molecules with receptors
which bind to the molecules.
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Consecutive fluorescence images were taken of live Mouse Heart Cells
at the time indicated following addition of 5 uM Cupid-GFP

Drawback of solely
Genetic approaches

Use
of CPPs
in
CPP-GFP
references
1) Cell surface adherence and
Biomedical
research
endocytosis of protein transduction

domains.
Although valuable understanding can be gained
Although there are around 200 different types of cells in
from genetic approaches, there are serious
the human body, the DNA in each cell is identical. The
Lundberg, Wikström S, Johansson M.
differences between all these cells is based on the
drawbacks in concentrating solely on this as a
Mol Ther. 2003 Jul;8(1):143-50. PMID:
protein content of each cell at different points in time and
of researching
the function
of a target
Fig means
B. Extent
of Cupid-GFP
Fluorescence
12842437
how these proteins interact with each other, with DNA
protein:
spread
throughout
living
cell
and
environment.
These reaction dynamics
2) the
Do cellular
cell-penetrating
peptides
also
control, and are affected by, specific abnormalitiesTop of cells
actually "penetrate" cellular
1) Genetic manipulation takes weeks to
ofmembranes?
cell behaviour and cellular interaction with its
establish mutants on which to experiment. It is
environment.

therefore laborious and expensive.

Palm-Apergi C, Lönn P, Dowdy SF.
ToMol
understand
how
the 20,000+ proteins
Ther. 2012
Apr;20(4):695-7.
doi: within a living
cell
interact with each other
is 22472979
therefore the key to
2) Where the altered gene is critical to the
10.1038/mt.2012.40.
PMID:
identifying
function and indeed, malfunction. Having
functioning of the cell itself, mutant strains
Free PMCtheir
Article
decoded the sequence of the human genome, the next
cannot be created and investigated because
Base of slide
major concerted project in medical science is this much
modifications
will (confocal)
kill themicroscopy.
cell before
investigation
GFP Fluorescence
seen through focusing
Consecutive
sectons from
bigger task of exploring how all these proteins interact.
top to base of Mouse heart cells at 60 minutes aDer 5 uM Cupid-GFP additon.

can commence (the Lethality problem).

The current method of choice for studying the role and
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and changes to the DNA must be carefully verified and
controlled.
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and the authors concluded that the main property of
both CPPs was to mediate cell surface adherence. The
fluorescence showed the CPP-GFP trapped in vesicles,
demonstrating that the internalization of both Class 1
and Class 2 CPPs had occurred by endocytosis.

Cupid-GFP Protein – a Demonstration of Cupid
Our first publication on Cupid (https://rdcu.be/b6lfo) investigated Cupid linked to the green
fluorescent protein (GFP) from Aequorea victoria Jellyfish. GFP is a large protein that, when
correctly folded and exposed to light in the blue to ultraviolet range, exhibits bright green
fluorescence.
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Figure 1A. Fluorescence builds up with time in living cells
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Figure 1B. Fluorescence observed throughout the cytosol of living cells

Previous academic work has examined GFP conjoined with CPPs of Type 1 (Ref 1, 2). Unlike Cupid-GFP,
these peptides were already fluorescent outside cells. The authors observed internalized fluorescence
confined inside vesicles, demonstrating that the entry of these CPPs had occurred by endocytosis and
concluded that the main property of Type 1 CPPs was to mediate cell surface adherence.
1. Cell surface adherence and endocytosis of protein transduction domains.
Lundberg et al. PMID: 12842437
2. Do cell-penetrating peptides actually "penetrate" cellular membranes?
Palm-Apergi C et al PMID: 22472979
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Current and Future Cupid Projects
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what can be done with peptides linked to it
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better known.

However, although valuable understanding can
be gained from such an approach, there are
serious drawbacks in concentrating solely on this
mechanism as a means of researching the
function of the desired protein:

Figure C. Delivering Cargo to subcellular locations within the cytosol of living cells

CPP3s are harder to produce. Their superior penetrating
capability means that, unless the Cargo is altered inside
the cell to inhibit further membrane penetration, the
CPPs can carry the Cargo out of the cell as well as into it.
The CPPs can also have nucleic seekers attached to
direct the CPP3s into the nucleus of the cell if required.
Properly constructed, CPP3s are far and away the most
powerful form of CPP.
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Cupid-GFP Protein – a Demonstration of Cupid
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Figure 1B. Fluorescence observed throughout the cytosol of living cells

Previous academic work has examined GFP conjoined with CPPs of Type 1 (Ref 1, 2). Unlike Cupid-GFP,
these peptides were already fluorescent outside cells. The authors observed internalized fluorescence
confined inside vesicles, demonstrating that the entry of these CPPs had occurred by endocytosis and
concluded that the main property of Type 1 CPPs was to mediate cell surface adherence.
1. Cell surface adherence and endocytosis of protein transduction domains.
Lundberg et al. PMID: 12842437
2. Do cell-penetrating peptides actually "penetrate" cellular membranes?
Palm-Apergi C et al PMID: 22472979
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CPP3s are harder to produce. Their superior penetrating
capability means that, unless the Cargo is altered inside
the cell to inhibit further membrane penetration, the
CPPs can carry the Cargo out of the cell as well as into it.
The CPPs can also have nucleic seekers attached to
direct the CPP3s into the nucleus of the cell if required.
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The future of CPPs –
therapeutic applications

Strengths and weaknesses
different CPP
types
Figof
A. Time-dependent
GFP Bioactivity

Many manufactured proteins (such as Insulin and hormones) are
already widely used in therapeutic applications. Typically these
circulate in the blood and mimic the natural body product.

By using endocytosis and confining the penetration to endosomes,
Type
can leave
Cargo
trapped
within endosomes
1 Min
Min
60 Min
Time: 1 CPPs
15 Min their 30
45 Min
which reduces their bioavailability and hence bioactivity within the
rest of the contents of the cell. Type 1 CPPs are, however, more
widely known and used.

(Fluorescence) vuild up in living cells

Cupid Peptides – A powerful
new tool for Cellular Research

By delivering proteins directly into cells, Type 2 CPPs have great
therapeutic potential especially where target cells are located
around discrete fluid-filled reservoirs (such as brain fluid, spinal
Cell penetrating peptides (“CPPs”) have a huge role to play in both research and drug delivery.
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Key Cupid capabilities

the cell as its own creation.

Type 2 CPPs could have certain distinct advantages over small
pharmaceutical compounds in therapeutic applications. First,
protein : protein interaction is very specific; utilizing the cells own
machinery. Consequently unwarranted side effects of Type 2 CPP
treatment are much more capable of being engineered out as
interaction pathways become better understood. Secondly,
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A Quick Guide to CPPs
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into its fluorescent form within the cell. Furthermore the
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and the authors concluded that the main property of
both CPPs was to mediate cell surface adherence. The
fluorescence showed the CPP-GFP trapped in vesicles,
demonstrating that the internalization of both Class 1
and Class 2 CPPs had occurred by endocytosis.
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Cell penetrating peptides (“CPPs”) have a huge role to play in both research and drug
delivery. That CPPs have not been more widely employed is largely due to the effort required
to make and purify these reagents. The difficulty in making a choice of the wide variety of cellpenetrating motifs available and reports of their conflicting capability in the literature has only made
the decision to use them harder. Making a cell penetrating version of a desired protein is thus an
Cell penetrating peptides (“CPPs”) have a huge role to play in both research and drug delivery.
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and laborious undertaking to embark on.
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A Quick Guide to CPPs
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of production that has been developed by CPL.

Fig A. Time-dependent GFP Bioactivity
(Fluorescence) vuild up in living cells

Time:

1 Min

15 Min

30 Min

45 Min

60 Min

Cupid works with companies, academic research
institutions and individual researchers in three ways.
Consecutive fluorescence images were taken of live Mouse Heart Cells
at the time indicated following addition of 5 uM Cupid-GFP

First, we can provide a growing range of ready to ship products based around well known
proteins and peptides such as PKI, PTEN and p53. These can be linked to either Cupid
alone or Cupid-GFP, and we can supply you with suitable control peptides. Cupid peptides
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and
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to our peptide products, we are always happy to discuss the use of Cupid
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peptides with you and to offer our own experience to assist you with your experiments.
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To demonstrate that Cupid’s effectiveness as a CPP3, CPL
conjoined the Cupid-CPP sequence with the green
fluorescent protein (GFP) from Aequorea victoria
Jellyfish. GFP is a large protein that, when correctly
folded and exposed to light in the blue to ultraviolet
range, exhibits bright green fluorescence.

GFP molecule demonstrates the power of the Cupid CPP
in being able to penetrate cell membranes with proteins
much larger than itself. The significance of this result will
be underlined with a major academic paper CPL is
working on together with a UK university.

Cupid-GFP is a powerful research tool. When it is
dissolved in solution the GFP component remains
unfolded and is not fluorescent. However, when the
solution is added to living cells, the cells become
fluorescent within 1 hour (Figure A). This demonstrates
that Cupid-GFP has both (1) penetrated the cell
membrane and (2) the GFP component has been folded
into its fluorescent form within the cell. Furthermore the

Previous academic work has examined GFP conjoined
with CPPs of Class 1 and Class 21,2. Unlike Cupid-GFP,
these peptides were already fluorescent outside cells
and the authors concluded that the main property of
both CPPs was to mediate cell surface adherence. The
fluorescence showed the CPP-GFP trapped in vesicles,
demonstrating that the internalization of both Class 1
and Class 2 CPPs had occurred by endocytosis.

Cupid
GFP
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