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A	Cell	Penetrating	Peptide	that	delivers	



The cell membrane surrounding living cells acts as a 
barrier regulating what enters and exits the cell. The 
membrane is made of a bilayer (double layer) of charged 
lipid molecules with other molecules, such as proteins, 
embedded within it. Generally, the membrane restricts 
large molecules, such as peptides, from accessing the 
interior of the cell. Whilst crucial for protecting the cell from 
the environment, this restriction places limitations on 
research and drug delivery .  
 
CPPs are small stretches of protein with the ability to 
bypass cell membranes and access the interior of cells. 
When a CPP is attached to other molecules such as 
proteins, oligonucleotides, peptides, nucleic acids, and 
other pharmacologically active compounds, it can transport 
these through the membrane. Such “Cargo” molecules are 
normally barred from entering living cells. CPPs can be at 
the heart of research strategies that require efficient 
introduction of Cargo directly into living cells in real time.  

CPPs may be classified based upon their binding 
properties to lipids as determined by their peptide 
sequences: primary amphipathic; secondary amphipathic; 
and non-amphipathic. They can also be classified 
according to the physical mechanism of cellular uptake, for 
example whether it is endocytosis-mediated (Type 1) or 
direct permeation of the membrane (Type 2).  

Type 1 
For endocytosis-mediated delivery, CPPs are thought to 
first interact with the outer surface of the cell membrane via 
molecular charge attraction or their ability to bind to 
surface proteoglycans, glycosaminoglycans or other 
receptors before being internalized by the endocytotic 
machinery. Macropinocytosis, clathrin-coated pits and 
caveolae / lipid-raft-mediated endocytosis mechanisms 
have been implicated through their differing sensitivity to 
drug applications. These processes involve energetic 
membrane folding and employ internalization proteins that 
require cellular ATP to function.  
 
Type  2 
Direct permeation of the membrane involves a mechanism 
that is independent of classic endocytosis, requiring no cell 
surface receptor or cell-derived ATP energy to do so. It is 
thought to occur without the requirement of the cell 
internalization machinery and has been proposed to 
involve sequential steps of binding (localization) then 
insertion into the bilayer followed by translocation across 
the membrane by ‘flipping’ or inverted lipid micelle 
formation. Interactions between CPPs and the phosphate 
groups on both sides of the lipid bilayer, the strength of the 
transbilayer potential and the formation of a transient pore 
have been suggested to play roles in these steps. However 
this process, especially with respect to permeation of 
CPPs with large cargoes, remains to be fully elucidated at 
the molecular level.  

A Quick Guide to CPPs  

Different types of CPPs  

Cupid Peptides – A powerful 
new tool for Cellular Research  

Cupid Peptides has been formed to specifically concentrate the skills and technology required to achieve this goal for you. 
We are focused to convert your chosen peptide or protein into a cell-penetrating form using our novel CPP “Cupid”. 

Cupid peptides are:- 
Easy to use, Convenient to store 

Quick to penetrate and deliver your cargo into the cytosol of your cell system 
Effective in putting your cargo into Mammalian, Plant and Fungal cells. 

Cell penetrating peptides (“CPPs”) have a huge role to play in both research and drug delivery.  
However, the majority of bio-medical researchers rarely use the most sophisticated CPPs 
available and research using these valuable tools has been slow. Whatever the reasons for this, 
it has hampered progress in understanding how proteins interact with each other inside human cells.

Now there is a company specializing in the production, creation and development of latest generation CPPs. Cupid
Peptide Company Limited (“CPL”) has developed a range of off the shelf CPPs linked to common peptides at the
forefront of biomedical research which can be provided to researchers at short notice.  Furthermore researchers
can commission CPL to create new peptides linking its proprietary CPP molecules to their desired cargo.  A whole
new world of bio-medical research investigating intra-cellular reactions is now available. 

Cupid Peptides – A powerful
new tool for Cellular Research

A Quick Guide to CPPs
The cell membrane surrounding living cells acts as a
barrier regulating what enters and exits the cell. The
membrane is made of a bilayer (double layer) of
charged lipid molecules with other molecules, such as
proteins, embedded within it.  Generally, the membrane
restricts large molecules, such as peptides from
accessing the interior of the cell. Whilst crucial for the
cell in protecting itself from the environment, this
restriction places limitations on research and drug
delivery.

CPPs are small stretches of protein with the ability to
bypass cell membranes and access interior of cells. This
capability is extended to larger stretches of protein
linked to such CPPs, allowing the CPPs to act as
transporters to carry through the membrane molecules
such as proteins, oligonucleotides, peptides, nucleic
acids, and other pharmacologically active compounds
(“Cargo”) which are normally barred from entering living
cells. CPPs can be at the heart of research strategies that
require efficient means of observing and utilizing the
impact of Cargo introduced directly into living cells in
real time.

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.

Class 1 - Are short peptides composed of strings of
highly charged basic (+) amino acids which bind to the
charged lipids present in the cell membrane.

Class 2 - Are viral peptides, whose function is to infect
cells. These attach to specific biological surface receptors
within the target cell membrane.

Class 3 - Are a special kind of peptide which does not
use the cells’ specially designed receptors, instead their
chemical make-up acts as a molecular drill which
directly conveys the CPP together with its Cargo across
the membrane.

Both Class 1 and 2 have been shown to complete their
cell entry through endocytosis, a process of cellular
ingestion by which the cell membrane folds inward
around the receptor and attached Cargo to bring it into
the cell.  However, the ingested Cargo is initially held
within a separate reservoir of vesicles known as
endosomes which are fenced off from the rest of the
cell by their own internal membranes.  Full absorption of
the Cargo requires breakdown of this internal
membrane.

Class 3 CPPs (“CPP3s) do not use classic endocytosis and
require no biological surface receptor or cell-derived
energy. The physics of this mechanism is currently not
fully understood. CPP3s are derived from rare natural
proteins. While the laboratory techniques for creating
CPP3s are reasonably well known in the research
community, they are cumbersome and such production
is something of a cottage industry which does not utilize
the best CPP3s or the fastest and most efficient means
of production that has been developed by CPL.

Cupid-GFP Protein – a
demonstration of CPP3
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.

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

widespread distribution of the fluorescence within the
cells observed under confocal microscopy (Figure B)
demonstrates Cupid-GFP is not trapped in vesicles but
has permeated the cells generally – characteristic
behaviour of CPP3 action.  Furthermore, the size of the
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.

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.

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

Consecutive fluorescence images were taken of live Mouse Heart Cells 
at the time indicated following addition of 5 uM Cupid-GFP

Time: 1 Min 15 Min 30 Min 45 Min 60 Min

CPP-GFP references
1) Cell surface adherence and
endocytosis of protein transduction
domains.

Lundberg, Wikström S, Johansson M. 
Mol Ther. 2003 Jul;8(1):143-50. PMID:
12842437

2) Do cell-penetrating peptides
actually "penetrate" cellular
membranes?

Palm-Apergi C, Lönn P, Dowdy SF.
Mol Ther. 2012 Apr;20(4):695-7. doi:
10.1038/mt.2012.40. PMID: 22472979
Free PMC Article

Fig B. Extent of Cupid-GFP Fluorescence
spread throughout living cell

GFP Fluorescence seen through focusing (confocal) microscopy. Consecutive sectons from
top to base of Mouse heart cells at 60 minutes aDer 5 uM Cupid-GFP additon.
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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 cell-
penetrating 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 
expensive and laborious undertaking to embark on. 

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 
are dispatched quickly and are ready to add to cells immediately. 
 
Secondly, we can manufacture Cupid-Cargo peptides to your order. Such peptides might 
contain GFP or other marker as required. New products will require us to recombine our 
plasmids before manufacturing and purifying the new molecules. We would expect the 
process to generally take about 2 months. We can offer an exclusivity period to customers 
for their new product.  
 
Thirdly, we would be delighted to enter into collaboration to work with institutions and to join 
research projects where novel cell penetrating peptides are required to meet your cutting 
edge research needs. 
. 
In addition to our peptide products, we are always happy to discuss the use of Cupid 
peptides with you and to offer our own experience to assist you with your experiments. 
 
If you havn’t used CPPs before, a whole new world of bio-medical research is now 
available to you. If you have used them, you will appreciate the difference Cupid makes. 
  

Cupid: A Cell Penetrating Peptides that delivers. 
 

Cupid 
GFP 

Cupid works with companies, academic research 
institutions and individual researchers in three ways. 

Working with Cupid Peptides  
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We are always looking for partners to 
collaborate on new projects 



By using endocytosis and confining the penetration to endosomes, 
Type 1 CPPs can leave their Cargo trapped within endosomes 
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.  

Strengths and weaknesses 
of different CPP types  

Use of CPPs in 
Biomedical research  
Although there are around 200 different types of cells in 
the human body, the DNA in each cell is identical. The 
differences between all these cells is based on the 
protein content of each cell at different points in time and 
how these proteins interact with each other, with DNA 
and the cellular environment. These reaction dynamics 
also control, and are affected by, specific abnormalities 
of cell behaviour and cellular interaction with its 
environment.  
 
To understand how the 20,000+ proteins within a living 
cell interact with each other is therefore the key to 
identifying their function and indeed, malfunction. Having 
decoded the sequence of the human genome, the next 
major concerted project in medical science is this much 
bigger task of exploring how all these proteins interact.  
 
The current method of choice for studying the role and 
interaction of proteins involves manipulation of the genes 
along the DNA sequence that encode each of these 
target proteins. Such manipulation is labour intensive 
and changes to the DNA must be carefully verified and 
controlled. 
 
Studying isolated and purified proteins is equally 
laborious, and has the significant drawback that the 
protein is not necessarily interacting with other partner 
proteins in the manner it would interact inside a living 
cell.  
 
Cupid offers a valuable tool which can verify, augment 
and extend investigations based on genetic manipulation 
and pure protein biochemistry. By introducing whole 
proteins or parts of a protein into mature cells in real 
time, Cupid-linked proteins can provide rapid data about 
protein interactions within living cells.  

Although valuable understanding can be gained 
from genetic approaches, there are serious 
drawbacks in concentrating solely on this as a 
means of researching the function of a target 
protein:  
 
1) Genetic manipulation takes weeks to 
establish mutants on which to experiment. It is 
therefore laborious and expensive.  

2) Where the altered gene is critical to the 
functioning of the cell itself, mutant strains 
cannot be created and investigated because 
modifications will kill the cell before investigation 
can commence (the Lethality problem).  
 
3) There may be numerous copies of the target 
gene in the genome or other genes that can 
fulfill its function (the Redundancy problem).  
 
4) A cell strain may have adapted and 
compensated for the manipulation in order to 
survive and thrive. Consequently, the protein 
composition of the cell will have changed and it 
may no longer be the same cell originally being 
investigated (the Adaptation problem).  
 
5) The translation of each gene is commonly 
highly regulated in a normal cell. DNA 
manipulation often overrides the control 
mechanisms present, so the protein is no longer 
subject to normal cell control.  
 

Drawback of solely 
Genetic approaches  

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 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 
fluid, joint fluid, lung and eye fluid). Type 2 CPPs have already 
been used in experiments investigating the mechanism of brain 
diseases such as Alzheimers. Additionally, these reagents can be 
used on cells removed from a patient before being returned after 
treatment. For example blood cells could be treated or patient-
specific stem cells created and then returned. The fast direct 
action of Type 2 CPPs provides the prospect of time-critical, life-
saving applications of peptides to repair swiftly damaged or 
compromised cells  
(e.g. severe burns).  
 
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, 
potential toxicity should be easier to control as cellular recycling of 
proteins means that a CPP-therapeutic should breakdown without 
causing a build-up of toxic by-products, again reducing side 
effects typical of small molecule, non-protein compounds.  

The future of CPPs –  
therapeutic applications  

Cupid Peptides  
Cupid Peptides was founded by Dr WJ Ryves in 2012. He has 
over 25 years’ experience in Protein Biochemistry and Molecular 
Biology working in UCL and Cardiff University and has co-
authored over 40 peer-reviewed scientific publications. With over 
14 years of CPP research, he has discovered and patented the 
proprietary Type 2 CPP, “Cupid”, that has clear bioactive 
advantages over TAT, the most commonly used CPP. Building on 
his biochemical knowledge, Cupid Peptides has also developed 
its own process technology for manufacturing high-purity synthetic 
molecules linking Cupid to peptides and proteins.  
 
A particular feature of our technology is our ability to quickly 
manufacture novel Cupid-linked proteins of high molecular weight 
such as the Cupid-GFP, referred to below. We are unaware of any 
other organization with the same expertise and focus to deliver 
such CPP products and technology.  
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Cell penetrating peptides (“CPPs”) have a huge role to play in both research and drug delivery.  
However, the majority of bio-medical researchers rarely use the most sophisticated CPPs 
available and research using these valuable tools has been slow. Whatever the reasons for this, 
it has hampered progress in understanding how proteins interact with each other inside human cells.

Now there is a company specializing in the production, creation and development of latest generation CPPs. Cupid
Peptide Company Limited (“CPL”) has developed a range of off the shelf CPPs linked to common peptides at the
forefront of biomedical research which can be provided to researchers at short notice.  Furthermore researchers
can commission CPL to create new peptides linking its proprietary CPP molecules to their desired cargo.  A whole
new world of bio-medical research investigating intra-cellular reactions is now available. 

Cupid Peptides – A powerful
new tool for Cellular Research

A Quick Guide to CPPs
The cell membrane surrounding living cells acts as a
barrier regulating what enters and exits the cell. The
membrane is made of a bilayer (double layer) of
charged lipid molecules with other molecules, such as
proteins, embedded within it.  Generally, the membrane
restricts large molecules, such as peptides from
accessing the interior of the cell. Whilst crucial for the
cell in protecting itself from the environment, this
restriction places limitations on research and drug
delivery.

CPPs are small stretches of protein with the ability to
bypass cell membranes and access interior of cells. This
capability is extended to larger stretches of protein
linked to such CPPs, allowing the CPPs to act as
transporters to carry through the membrane molecules
such as proteins, oligonucleotides, peptides, nucleic
acids, and other pharmacologically active compounds
(“Cargo”) which are normally barred from entering living
cells. CPPs can be at the heart of research strategies that
require efficient means of observing and utilizing the
impact of Cargo introduced directly into living cells in
real time.

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.

Class 1 - Are short peptides composed of strings of
highly charged basic (+) amino acids which bind to the
charged lipids present in the cell membrane.

Class 2 - Are viral peptides, whose function is to infect
cells. These attach to specific biological surface receptors
within the target cell membrane.

Class 3 - Are a special kind of peptide which does not
use the cells’ specially designed receptors, instead their
chemical make-up acts as a molecular drill which
directly conveys the CPP together with its Cargo across
the membrane.

Both Class 1 and 2 have been shown to complete their
cell entry through endocytosis, a process of cellular
ingestion by which the cell membrane folds inward
around the receptor and attached Cargo to bring it into
the cell.  However, the ingested Cargo is initially held
within a separate reservoir of vesicles known as
endosomes which are fenced off from the rest of the
cell by their own internal membranes.  Full absorption of
the Cargo requires breakdown of this internal
membrane.

Class 3 CPPs (“CPP3s) do not use classic endocytosis and
require no biological surface receptor or cell-derived
energy. The physics of this mechanism is currently not
fully understood. CPP3s are derived from rare natural
proteins. While the laboratory techniques for creating
CPP3s are reasonably well known in the research
community, they are cumbersome and such production
is something of a cottage industry which does not utilize
the best CPP3s or the fastest and most efficient means
of production that has been developed by CPL.

Cupid-GFP Protein – a
demonstration of CPP3
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.

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

widespread distribution of the fluorescence within the
cells observed under confocal microscopy (Figure B)
demonstrates Cupid-GFP is not trapped in vesicles but
has permeated the cells generally – characteristic
behaviour of CPP3 action.  Furthermore, the size of the
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.

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.

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

Consecutive fluorescence images were taken of live Mouse Heart Cells 
at the time indicated following addition of 5 uM Cupid-GFP

Time: 1 Min 15 Min 30 Min 45 Min 60 Min

CPP-GFP references
1) Cell surface adherence and
endocytosis of protein transduction
domains.

Lundberg, Wikström S, Johansson M. 
Mol Ther. 2003 Jul;8(1):143-50. PMID:
12842437

2) Do cell-penetrating peptides
actually "penetrate" cellular
membranes?

Palm-Apergi C, Lönn P, Dowdy SF.
Mol Ther. 2012 Apr;20(4):695-7. doi:
10.1038/mt.2012.40. PMID: 22472979
Free PMC Article

Fig B. Extent of Cupid-GFP Fluorescence
spread throughout living cell

GFP Fluorescence seen through focusing (confocal) microscopy. Consecutive sectons from
top to base of Mouse heart cells at 60 minutes aDer 5 uM Cupid-GFP additon.
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Fast product development. Typically design and 
manufacture of novel Cupid products is 
completed within 2 months. Less if the cargo 
DNA is provided. 
 
Fluorescent formulations i.e. Cupid-GFP-[Cargo 
peptide] to correlate fluorescence with bioactivity 
and enable tracking of cargo. 
 
Tags may be added to direct the Cupid product 
to subcellular locations after penetration. 

Other advantages of 
Cupid technology  

Bioavailability. Cupid efficiently delivers 
the cargo to the cytosol of cells within 1 
hour. Here it is refolded by the cells own 
protein folded machinery and is treated by 
the cell as its own creation. 
 
Ease of Use. As can be seen with Cupid-
GFP, there is no need to replace the media 
before observing the effects. Experiments 
can be observed and recorded in real time. 
 
Reversibility. The reversal of biological 
effect can be studied by simply removing 
Cupid-Proteins from the external media. 
The cells will remove internal Cupid-
Proteins through their natural recycling and 
allow the reversal of bioactivity to be 
studied as it does so.  

Key Cupid capabilities 



Strengths and weaknesses
of different CPP classes.
By using endocytosis and confining the penetration to
endosomes, Class 1 and 2 CPPs can leave their Cargo
trapped within endosomes which reduces their
bioactivity within the rest of the contents of the cell.
However, CPP1s and CPP2s are easier to synthesize and
better known.

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.

Use of CPPs in 
Biomedical research
Although there are around 200 different types of cells in
the human body, the DNA in each cell is identical.  The
differences between all these cells is based on the
protein content of each cell at different points in time
and how these proteins interact with each other, DNA
and the cellular environment. These reaction dynamics
also control, and are affected by, specific abnormalities
of cell behaviour and cellular interaction with its
environment.

To understand how the 20,000+ proteins within a living
cell interact with each other is therefore the key to
identifying their function and indeed, malfunction.
Having decoded the sequence of the human genome,
the next major concerted project in medical science is
this much bigger task of exploring how all these
proteins interact. 

The current method of choice for studying the role and
interaction of proteins involves manipulation of the
genes along the DNA sequence that encode each of
these target proteins.  The corresponding parts of the
DNA are ‘read’ by proteins already within the cell which
are responsible for the target protein creation.  

Studying isolated and purified proteins is equally
laborious, and has the significant drawback that the
protein is not necessarily interacting with its other
partner proteins in the manner it would interact inside a
living cell.  CPP3s offer a valuable tool which can verify,
augment and extend investigations based on genetic
manipulation and pure protein biochemistry. By
introducing whole proteins or parts of a protein into
mature cells in real time, CPP3s provide further data
about protein interactions within living cells.

Drawback of solely
Genetic approaches

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:

1) Genetic manipulation takes weeks to establish
mutants on which to experiment. It is therefore
laborious and expensive.

2) Where the altered gene is critical to the
functioning of the cell itself, mutant strains
cannot be created and investigated because
modifications will kill the cell before investigation
can commence (the Lethality problem).

3) There may be numerous copies of the target
gene in the genome or other genes that can
fulfil its function (the Redundancy problem).

4) A cell strain may have adapted and
compensated for the manipulation in order to
survive and thrive.  Consequently, the protein
composition of the cell will have changed and it
may no longer be the same cell originally being
investigated (the Adaptation problem).

5) The translation of each gene is commonly
highly regulated in a normal cell. DNA
manipulation often overrides the control
mechanisms present, so the protein is no longer
subject to normal cell control.

Cupid Stem Cell Project
CPL has engaged in a major project in arguably the most
interesting developments in bioscience in recent times.
This is the utilization of Cupid technology in the creation
of human stem cells.  Information is included here
because it shows the versatility of Cupid technology
rather than any limitation on the biomedical areas to
which that technology can be applied.

Human stem cells are cells that can differentiate into
any other type of human cell. Consequently they can be
grown and harnessed to act as a repair system for the
body, replenishing adult tissues that are otherwise not
capable of self-regeneration.  The science of stem cells
has therefore opened up a whole new industry of
regenerative medicine.

Originally stem cells were sourced from embryonic
tissue.  This had the drawback that a given individual
would not typically have their own embryonic tissue
available.  Furthermore, the harvesting of embryonic
tissue raises substantial bio-ethical concerns which
might constrain the development of an otherwise
exciting biomedical industry. However, a Nobel Prize
winning breakthrough occurred with the discovery by
Profs Yamanaka and Thomson that normal, adult,
differentiated cells can be reprogrammed back into stem
cells by carefully sequenced insertion of a handful of
master proteins – the key cell-programmable stem cell
factors (SCFs).  These reconstituted cells are termed
induced Pluripotent Stem Cells (“iPSC”)1.

However, iPSC technology still needs to overcome key
challenges. One particular concern relates to safety,
since the existing reprogramming methodology uses
genetic methods. The interaction of this genetic material
within host cells risks making the iPSCs cancerous.

New avenues for the safe creation of iPSCs are under
intense investigation and one in particular, using cell-
penetrating versions of the master proteins, rather than
the genes, offers great promise2,3. In this case the
authors pointed out that direct delivery of recombinant
reprogramming proteins effectively eliminates any risk
of modifying the target cell genome and provides a
substantially simpler, faster and more economical
approach than the currently most advanced method
based on genetic manipulation, which requires time-
consuming sequential selection of potentially risk-free
iPSCs.

CPL has produced the SCFs fused to its proprietary cell-
permeation vehicle, ‘Cupid’. In collaboration with leading
academics at Cardiff and Swansea universities, our aim
is to assess each SCF for biological activity and progress
toward a regime of cell reprogramming to create safe,
modification-free iPSCs for future applications.  If the
SCFs show normal biological activity following Cupid
induced cell penetration, the way is open for a
revolution in stem cell science in terms of both
fundamental research and ultimately therapeutic
practices.

Stem cell references
1) Induction of pluripotent stem cells from
mouse embryonic and adult fibroblast cultures
by defined factors.

Takahashi K, Yamanaka S.
Cell. 2006 Aug 25;126(4):663-76. 
Epub 2006 Aug 10.
PMID: 16904174 Free Article

2) Generation of human induced pluripotent
stem cells by direct delivery of reprogramming
proteins.

Kim D, Kim CH, Moon JI, Chung YG, Chang MY,
Han BS, Ko S, Yang E, Cha KY, Lanza R, Kim KS.
Cell Stem Cell. 2009 Jun 5;4(6):472-6. doi:
10.1016/j.stem.2009.05.005. 
Epub 2009 May 28. No abstract available.

PMID: 19481515 [PubMed - indexed for
MEDLINE] Free PMC Article

2) Partial Somatic to Stem Cell Transformations
Induced By Cell-Permeable Reprogramming
Factors 

http://www.nature.com/srep/2014/140312/sr
ep04361/full/srep04361.html

4	 5

We are actively engaging in research to improve and expand our knowledge of Cupid and 
what can be done with peptides linked to it 

Current and Future Cupid Projects  

toward a regime of cell reprogramming to create safe, modification-free iPSCs 
for future applications in regenerative medicine. 

 
Takahashi K, Yamanaka S., Cell. 2006. PMID: 16904174 

Kim D. et al Cell Stem Cell. 2009. PMID: 19481515  
Lim J. et al Sci Rep. 2014. PMID: 24618595  

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.  
 
We found that Cupid-GFP must be unfolded (hence non- fluorescent) in order to enter cells. When 
Cupid-GFP is added to living cells, the cells become fluorescent within 1 hour (Figure A). This 
demonstrates that Cupid-GFP has both (A) penetrated the cell membrane and (B) once inside the 
cell the GFP component has been folded into its fluorescent form. 
  
Furthermore the widespread distribution of the fluorescence within the cells observed under 
confocal microscopy (Figure B) demonstrates Cupid-GFP is not trapped in vesicles but has 
permeated generally throughout the cell cytosol. This action of Cupid-GFP was observed in all 
cells tested: Mammalian, Plant (intact and protoplasts) and Fungal hyphae. 

Cupid-GFP Protein – a Demonstration of Cupid 

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 

Figure	1A.	Fluorescence	builds	up	with	time	in	living	cells	

Consecutive fluorescent images taken of live mouse heart cells at the time indicated (mins) 
following addition of 5 uM Cupid-GFP to media 

1 15 45 60 30 

Figure 1B.  Fluorescence observed throughout the cytosol of living cells  
Top of 
cells 

Base 
of cells 

GFP fluorescence seen through focussing (confocal) microscopy. Consecutive sections from top to base  
of live mouse heart cells at 60 mins following addition of 5 uM Cupid-GFP 

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

Fluorescent images showing changes in subcellular location of GFP fluorescence when plant cells are 
treated with Cupid-GFP-NLS (Nuclear Localisation Signal) compared with Cupid-GFP or no peptide. 

No peptide Cupid-GFP 
Locates to cytoplasm 

Cupid-GFP-NLS 
Concentrates in Nucleus 

Targeting specific protein:protein interactions.  
Cupid has a huge potential to deliver mutant proteins or parts of proteins into cells. In this way 
sequential areas of a protein may be mapped and related to the function of the protein as a 
whole. This can give valuable insight into how protein interactions are involved in creating 
disease states and suggest which interactions could be targets for therapeutic action.  

Delivery of cargo to discrete subcellular locations 
Cells use small peptide ‘tags’ on proteins they make to partition proteins within the cell and 
take them to where they are required. Since Cupid takes its cargo to the cytosol where it is 
refolded, there is potential for adding such tags (to the Cupid-Cargo peptide) to achieve the 
same end. Being able to target Cupid-Cargoes within the cell would benefit future research. 
Our preliminary data suggest this is possible (Fig C). 

Safe Stem Cells: The science of stem cells has opened up a whole new industry of 
regenerative medicine. The Nobel Prize winning breakthrough occurred with the discovery by 
Profs Yamanaka and Thomson that normal, adult, differentiated cells can be reprogrammed 
back into stem cells by insertion of a handful of key master genes encoding for these Stem 
Cell Factor (SCF) proteins. These reconstituted cells are termed induced Pluripotent Stem 
Cells (“iPSC”). However, iPSC technology still needs to overcome key challenges. One 
particular concern relates to safety, since the existing reprogramming methodology uses 
genetic methods and hence interaction of this genetic material within host cells risks making 
the iPSCs cancerous. Our aim is to assess Cupid-SCFs for biological activity and progress 



Strengths and weaknesses
of different CPP classes.
By using endocytosis and confining the penetration to
endosomes, Class 1 and 2 CPPs can leave their Cargo
trapped within endosomes which reduces their
bioactivity within the rest of the contents of the cell.
However, CPP1s and CPP2s are easier to synthesize and
better known.

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.

Use of CPPs in 
Biomedical research
Although there are around 200 different types of cells in
the human body, the DNA in each cell is identical.  The
differences between all these cells is based on the
protein content of each cell at different points in time
and how these proteins interact with each other, DNA
and the cellular environment. These reaction dynamics
also control, and are affected by, specific abnormalities
of cell behaviour and cellular interaction with its
environment.

To understand how the 20,000+ proteins within a living
cell interact with each other is therefore the key to
identifying their function and indeed, malfunction.
Having decoded the sequence of the human genome,
the next major concerted project in medical science is
this much bigger task of exploring how all these
proteins interact. 

The current method of choice for studying the role and
interaction of proteins involves manipulation of the
genes along the DNA sequence that encode each of
these target proteins.  The corresponding parts of the
DNA are ‘read’ by proteins already within the cell which
are responsible for the target protein creation.  

Studying isolated and purified proteins is equally
laborious, and has the significant drawback that the
protein is not necessarily interacting with its other
partner proteins in the manner it would interact inside a
living cell.  CPP3s offer a valuable tool which can verify,
augment and extend investigations based on genetic
manipulation and pure protein biochemistry. By
introducing whole proteins or parts of a protein into
mature cells in real time, CPP3s provide further data
about protein interactions within living cells.

Drawback of solely
Genetic approaches

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:

1) Genetic manipulation takes weeks to establish
mutants on which to experiment. It is therefore
laborious and expensive.

2) Where the altered gene is critical to the
functioning of the cell itself, mutant strains
cannot be created and investigated because
modifications will kill the cell before investigation
can commence (the Lethality problem).

3) There may be numerous copies of the target
gene in the genome or other genes that can
fulfil its function (the Redundancy problem).

4) A cell strain may have adapted and
compensated for the manipulation in order to
survive and thrive.  Consequently, the protein
composition of the cell will have changed and it
may no longer be the same cell originally being
investigated (the Adaptation problem).

5) The translation of each gene is commonly
highly regulated in a normal cell. DNA
manipulation often overrides the control
mechanisms present, so the protein is no longer
subject to normal cell control.

Cupid Stem Cell Project
CPL has engaged in a major project in arguably the most
interesting developments in bioscience in recent times.
This is the utilization of Cupid technology in the creation
of human stem cells.  Information is included here
because it shows the versatility of Cupid technology
rather than any limitation on the biomedical areas to
which that technology can be applied.

Human stem cells are cells that can differentiate into
any other type of human cell. Consequently they can be
grown and harnessed to act as a repair system for the
body, replenishing adult tissues that are otherwise not
capable of self-regeneration.  The science of stem cells
has therefore opened up a whole new industry of
regenerative medicine.

Originally stem cells were sourced from embryonic
tissue.  This had the drawback that a given individual
would not typically have their own embryonic tissue
available.  Furthermore, the harvesting of embryonic
tissue raises substantial bio-ethical concerns which
might constrain the development of an otherwise
exciting biomedical industry. However, a Nobel Prize
winning breakthrough occurred with the discovery by
Profs Yamanaka and Thomson that normal, adult,
differentiated cells can be reprogrammed back into stem
cells by carefully sequenced insertion of a handful of
master proteins – the key cell-programmable stem cell
factors (SCFs).  These reconstituted cells are termed
induced Pluripotent Stem Cells (“iPSC”)1.

However, iPSC technology still needs to overcome key
challenges. One particular concern relates to safety,
since the existing reprogramming methodology uses
genetic methods. The interaction of this genetic material
within host cells risks making the iPSCs cancerous.

New avenues for the safe creation of iPSCs are under
intense investigation and one in particular, using cell-
penetrating versions of the master proteins, rather than
the genes, offers great promise2,3. In this case the
authors pointed out that direct delivery of recombinant
reprogramming proteins effectively eliminates any risk
of modifying the target cell genome and provides a
substantially simpler, faster and more economical
approach than the currently most advanced method
based on genetic manipulation, which requires time-
consuming sequential selection of potentially risk-free
iPSCs.

CPL has produced the SCFs fused to its proprietary cell-
permeation vehicle, ‘Cupid’. In collaboration with leading
academics at Cardiff and Swansea universities, our aim
is to assess each SCF for biological activity and progress
toward a regime of cell reprogramming to create safe,
modification-free iPSCs for future applications.  If the
SCFs show normal biological activity following Cupid
induced cell penetration, the way is open for a
revolution in stem cell science in terms of both
fundamental research and ultimately therapeutic
practices.

Stem cell references
1) Induction of pluripotent stem cells from
mouse embryonic and adult fibroblast cultures
by defined factors.

Takahashi K, Yamanaka S.
Cell. 2006 Aug 25;126(4):663-76. 
Epub 2006 Aug 10.
PMID: 16904174 Free Article

2) Generation of human induced pluripotent
stem cells by direct delivery of reprogramming
proteins.

Kim D, Kim CH, Moon JI, Chung YG, Chang MY,
Han BS, Ko S, Yang E, Cha KY, Lanza R, Kim KS.
Cell Stem Cell. 2009 Jun 5;4(6):472-6. doi:
10.1016/j.stem.2009.05.005. 
Epub 2009 May 28. No abstract available.

PMID: 19481515 [PubMed - indexed for
MEDLINE] Free PMC Article

2) Partial Somatic to Stem Cell Transformations
Induced By Cell-Permeable Reprogramming
Factors 

http://www.nature.com/srep/2014/140312/sr
ep04361/full/srep04361.html
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We are actively engaging in research to improve and expand our knowledge of Cupid and 
what can be done with peptides linked to it 

Current and Future Cupid Projects  

toward a regime of cell reprogramming to create safe, modification-free iPSCs 
for future applications in regenerative medicine. 

 
Takahashi K, Yamanaka S., Cell. 2006. PMID: 16904174 

Kim D. et al Cell Stem Cell. 2009. PMID: 19481515  
Lim J. et al Sci Rep. 2014. PMID: 24618595  

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.  
 
We found that Cupid-GFP must be unfolded (hence non- fluorescent) in order to enter cells. When 
Cupid-GFP is added to living cells, the cells become fluorescent within 1 hour (Figure A). This 
demonstrates that Cupid-GFP has both (A) penetrated the cell membrane and (B) once inside the 
cell the GFP component has been folded into its fluorescent form. 
  
Furthermore the widespread distribution of the fluorescence within the cells observed under 
confocal microscopy (Figure B) demonstrates Cupid-GFP is not trapped in vesicles but has 
permeated generally throughout the cell cytosol. This action of Cupid-GFP was observed in all 
cells tested: Mammalian, Plant (intact and protoplasts) and Fungal hyphae. 

Cupid-GFP Protein – a Demonstration of Cupid 

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 

Figure	1A.	Fluorescence	builds	up	with	time	in	living	cells	

Consecutive fluorescent images taken of live mouse heart cells at the time indicated (mins) 
following addition of 5 uM Cupid-GFP to media 

1 15 45 60 30 

Figure 1B.  Fluorescence observed throughout the cytosol of living cells  
Top of 
cells 

Base 
of cells 

GFP fluorescence seen through focussing (confocal) microscopy. Consecutive sections from top to base  
of live mouse heart cells at 60 mins following addition of 5 uM Cupid-GFP 

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

Fluorescent images showing changes in subcellular location of GFP fluorescence when plant cells are 
treated with Cupid-GFP-NLS (Nuclear Localisation Signal) compared with Cupid-GFP or no peptide. 
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Locates to cytoplasm 

Cupid-GFP-NLS 
Concentrates in Nucleus 

Targeting specific protein:protein interactions.  
Cupid has a huge potential to deliver mutant proteins or parts of proteins into cells. In this way 
sequential areas of a protein may be mapped and related to the function of the protein as a 
whole. This can give valuable insight into how protein interactions are involved in creating 
disease states and suggest which interactions could be targets for therapeutic action.  

Delivery of cargo to discrete subcellular locations 
Cells use small peptide ‘tags’ on proteins they make to partition proteins within the cell and 
take them to where they are required. Since Cupid takes its cargo to the cytosol where it is 
refolded, there is potential for adding such tags (to the Cupid-Cargo peptide) to achieve the 
same end. Being able to target Cupid-Cargoes within the cell would benefit future research. 
Our preliminary data suggest this is possible (Fig C). 

Safe Stem Cells: The science of stem cells has opened up a whole new industry of 
regenerative medicine. The Nobel Prize winning breakthrough occurred with the discovery by 
Profs Yamanaka and Thomson that normal, adult, differentiated cells can be reprogrammed 
back into stem cells by insertion of a handful of key master genes encoding for these Stem 
Cell Factor (SCF) proteins. These reconstituted cells are termed induced Pluripotent Stem 
Cells (“iPSC”). However, iPSC technology still needs to overcome key challenges. One 
particular concern relates to safety, since the existing reprogramming methodology uses 
genetic methods and hence interaction of this genetic material within host cells risks making 
the iPSCs cancerous. Our aim is to assess Cupid-SCFs for biological activity and progress 



By using endocytosis and confining the penetration to endosomes, 
Type 1 CPPs can leave their Cargo trapped within endosomes 
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.  

Strengths and weaknesses 
of different CPP types  

Use of CPPs in 
Biomedical research  
Although there are around 200 different types of cells in 
the human body, the DNA in each cell is identical. The 
differences between all these cells is based on the 
protein content of each cell at different points in time and 
how these proteins interact with each other, with DNA 
and the cellular environment. These reaction dynamics 
also control, and are affected by, specific abnormalities 
of cell behaviour and cellular interaction with its 
environment.  
 
To understand how the 20,000+ proteins within a living 
cell interact with each other is therefore the key to 
identifying their function and indeed, malfunction. Having 
decoded the sequence of the human genome, the next 
major concerted project in medical science is this much 
bigger task of exploring how all these proteins interact.  
 
The current method of choice for studying the role and 
interaction of proteins involves manipulation of the genes 
along the DNA sequence that encode each of these 
target proteins. Such manipulation is labour intensive 
and changes to the DNA must be carefully verified and 
controlled. 
 
Studying isolated and purified proteins is equally 
laborious, and has the significant drawback that the 
protein is not necessarily interacting with other partner 
proteins in the manner it would interact inside a living 
cell.  
 
Cupid offers a valuable tool which can verify, augment 
and extend investigations based on genetic manipulation 
and pure protein biochemistry. By introducing whole 
proteins or parts of a protein into mature cells in real 
time, Cupid-linked proteins can provide rapid data about 
protein interactions within living cells.  

Although valuable understanding can be gained 
from genetic approaches, there are serious 
drawbacks in concentrating solely on this as a 
means of researching the function of a target 
protein:  
 
1) Genetic manipulation takes weeks to 
establish mutants on which to experiment. It is 
therefore laborious and expensive.  

2) Where the altered gene is critical to the 
functioning of the cell itself, mutant strains 
cannot be created and investigated because 
modifications will kill the cell before investigation 
can commence (the Lethality problem).  
 
3) There may be numerous copies of the target 
gene in the genome or other genes that can 
fulfill its function (the Redundancy problem).  
 
4) A cell strain may have adapted and 
compensated for the manipulation in order to 
survive and thrive. Consequently, the protein 
composition of the cell will have changed and it 
may no longer be the same cell originally being 
investigated (the Adaptation problem).  
 
5) The translation of each gene is commonly 
highly regulated in a normal cell. DNA 
manipulation often overrides the control 
mechanisms present, so the protein is no longer 
subject to normal cell control.  
 

Drawback of solely 
Genetic approaches  

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 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 
fluid, joint fluid, lung and eye fluid). Type 2 CPPs have already 
been used in experiments investigating the mechanism of brain 
diseases such as Alzheimers. Additionally, these reagents can be 
used on cells removed from a patient before being returned after 
treatment. For example blood cells could be treated or patient-
specific stem cells created and then returned. The fast direct 
action of Type 2 CPPs provides the prospect of time-critical, life-
saving applications of peptides to repair swiftly damaged or 
compromised cells  
(e.g. severe burns).  
 
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, 
potential toxicity should be easier to control as cellular recycling of 
proteins means that a CPP-therapeutic should breakdown without 
causing a build-up of toxic by-products, again reducing side 
effects typical of small molecule, non-protein compounds.  

The future of CPPs –  
therapeutic applications  

Cupid Peptides  
Cupid Peptides was founded by Dr WJ Ryves in 2012. He has 
over 25 years’ experience in Protein Biochemistry and Molecular 
Biology working in UCL and Cardiff University and has co-
authored over 40 peer-reviewed scientific publications. With over 
14 years of CPP research, he has discovered and patented the 
proprietary Type 2 CPP, “Cupid”, that has clear bioactive 
advantages over TAT, the most commonly used CPP. Building on 
his biochemical knowledge, Cupid Peptides has also developed 
its own process technology for manufacturing high-purity synthetic 
molecules linking Cupid to peptides and proteins.  
 
A particular feature of our technology is our ability to quickly 
manufacture novel Cupid-linked proteins of high molecular weight 
such as the Cupid-GFP, referred to below. We are unaware of any 
other organization with the same expertise and focus to deliver 
such CPP products and technology.  
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Cell penetrating peptides (“CPPs”) have a huge role to play in both research and drug delivery.  
However, the majority of bio-medical researchers rarely use the most sophisticated CPPs 
available and research using these valuable tools has been slow. Whatever the reasons for this, 
it has hampered progress in understanding how proteins interact with each other inside human cells.

Now there is a company specializing in the production, creation and development of latest generation CPPs. Cupid
Peptide Company Limited (“CPL”) has developed a range of off the shelf CPPs linked to common peptides at the
forefront of biomedical research which can be provided to researchers at short notice.  Furthermore researchers
can commission CPL to create new peptides linking its proprietary CPP molecules to their desired cargo.  A whole
new world of bio-medical research investigating intra-cellular reactions is now available. 

Cupid Peptides – A powerful
new tool for Cellular Research

A Quick Guide to CPPs
The cell membrane surrounding living cells acts as a
barrier regulating what enters and exits the cell. The
membrane is made of a bilayer (double layer) of
charged lipid molecules with other molecules, such as
proteins, embedded within it.  Generally, the membrane
restricts large molecules, such as peptides from
accessing the interior of the cell. Whilst crucial for the
cell in protecting itself from the environment, this
restriction places limitations on research and drug
delivery.

CPPs are small stretches of protein with the ability to
bypass cell membranes and access interior of cells. This
capability is extended to larger stretches of protein
linked to such CPPs, allowing the CPPs to act as
transporters to carry through the membrane molecules
such as proteins, oligonucleotides, peptides, nucleic
acids, and other pharmacologically active compounds
(“Cargo”) which are normally barred from entering living
cells. CPPs can be at the heart of research strategies that
require efficient means of observing and utilizing the
impact of Cargo introduced directly into living cells in
real time.

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.

Class 1 - Are short peptides composed of strings of
highly charged basic (+) amino acids which bind to the
charged lipids present in the cell membrane.

Class 2 - Are viral peptides, whose function is to infect
cells. These attach to specific biological surface receptors
within the target cell membrane.

Class 3 - Are a special kind of peptide which does not
use the cells’ specially designed receptors, instead their
chemical make-up acts as a molecular drill which
directly conveys the CPP together with its Cargo across
the membrane.

Both Class 1 and 2 have been shown to complete their
cell entry through endocytosis, a process of cellular
ingestion by which the cell membrane folds inward
around the receptor and attached Cargo to bring it into
the cell.  However, the ingested Cargo is initially held
within a separate reservoir of vesicles known as
endosomes which are fenced off from the rest of the
cell by their own internal membranes.  Full absorption of
the Cargo requires breakdown of this internal
membrane.

Class 3 CPPs (“CPP3s) do not use classic endocytosis and
require no biological surface receptor or cell-derived
energy. The physics of this mechanism is currently not
fully understood. CPP3s are derived from rare natural
proteins. While the laboratory techniques for creating
CPP3s are reasonably well known in the research
community, they are cumbersome and such production
is something of a cottage industry which does not utilize
the best CPP3s or the fastest and most efficient means
of production that has been developed by CPL.

Cupid-GFP Protein – a
demonstration of CPP3
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.

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

widespread distribution of the fluorescence within the
cells observed under confocal microscopy (Figure B)
demonstrates Cupid-GFP is not trapped in vesicles but
has permeated the cells generally – characteristic
behaviour of CPP3 action.  Furthermore, the size of the
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.

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.

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

Consecutive fluorescence images were taken of live Mouse Heart Cells 
at the time indicated following addition of 5 uM Cupid-GFP

Time: 1 Min 15 Min 30 Min 45 Min 60 Min

CPP-GFP references
1) Cell surface adherence and
endocytosis of protein transduction
domains.

Lundberg, Wikström S, Johansson M. 
Mol Ther. 2003 Jul;8(1):143-50. PMID:
12842437

2) Do cell-penetrating peptides
actually "penetrate" cellular
membranes?

Palm-Apergi C, Lönn P, Dowdy SF.
Mol Ther. 2012 Apr;20(4):695-7. doi:
10.1038/mt.2012.40. PMID: 22472979
Free PMC Article

Fig B. Extent of Cupid-GFP Fluorescence
spread throughout living cell

GFP Fluorescence seen through focusing (confocal) microscopy. Consecutive sectons from
top to base of Mouse heart cells at 60 minutes aDer 5 uM Cupid-GFP additon.

Top of cells

Base of slide
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Fast product development. Typically design and 
manufacture of novel Cupid products is 
completed within 2 months. Less if the cargo 
DNA is provided. 
 
Fluorescent formulations i.e. Cupid-GFP-[Cargo 
peptide] to correlate fluorescence with bioactivity 
and enable tracking of cargo. 
 
Tags may be added to direct the Cupid product 
to subcellular locations after penetration. 

Other advantages of 
Cupid technology  

Bioavailability. Cupid efficiently delivers 
the cargo to the cytosol of cells within 1 
hour. Here it is refolded by the cells own 
protein folded machinery and is treated by 
the cell as its own creation. 
 
Ease of Use. As can be seen with Cupid-
GFP, there is no need to replace the media 
before observing the effects. Experiments 
can be observed and recorded in real time. 
 
Reversibility. The reversal of biological 
effect can be studied by simply removing 
Cupid-Proteins from the external media. 
The cells will remove internal Cupid-
Proteins through their natural recycling and 
allow the reversal of bioactivity to be 
studied as it does so.  

Key Cupid capabilities 



The cell membrane surrounding living cells acts as a 
barrier regulating what enters and exits the cell. The 
membrane is made of a bilayer (double layer) of charged 
lipid molecules with other molecules, such as proteins, 
embedded within it. Generally, the membrane restricts 
large molecules, such as peptides, from accessing the 
interior of the cell. Whilst crucial for protecting the cell from 
the environment, this restriction places limitations on 
research and drug delivery .  
 
CPPs are small stretches of protein with the ability to 
bypass cell membranes and access the interior of cells. 
When a CPP is attached to other molecules such as 
proteins, oligonucleotides, peptides, nucleic acids, and 
other pharmacologically active compounds, it can transport 
these through the membrane. Such “Cargo” molecules are 
normally barred from entering living cells. CPPs can be at 
the heart of research strategies that require efficient 
introduction of Cargo directly into living cells in real time.  

CPPs may be classified based upon their binding 
properties to lipids as determined by their peptide 
sequences: primary amphipathic; secondary amphipathic; 
and non-amphipathic. They can also be classified 
according to the physical mechanism of cellular uptake, for 
example whether it is endocytosis-mediated (Type 1) or 
direct permeation of the membrane (Type 2).  

Type 1 
For endocytosis-mediated delivery, CPPs are thought to 
first interact with the outer surface of the cell membrane via 
molecular charge attraction or their ability to bind to 
surface proteoglycans, glycosaminoglycans or other 
receptors before being internalized by the endocytotic 
machinery. Macropinocytosis, clathrin-coated pits and 
caveolae / lipid-raft-mediated endocytosis mechanisms 
have been implicated through their differing sensitivity to 
drug applications. These processes involve energetic 
membrane folding and employ internalization proteins that 
require cellular ATP to function.  
 
Type  2 
Direct permeation of the membrane involves a mechanism 
that is independent of classic endocytosis, requiring no cell 
surface receptor or cell-derived ATP energy to do so. It is 
thought to occur without the requirement of the cell 
internalization machinery and has been proposed to 
involve sequential steps of binding (localization) then 
insertion into the bilayer followed by translocation across 
the membrane by ‘flipping’ or inverted lipid micelle 
formation. Interactions between CPPs and the phosphate 
groups on both sides of the lipid bilayer, the strength of the 
transbilayer potential and the formation of a transient pore 
have been suggested to play roles in these steps. However 
this process, especially with respect to permeation of 
CPPs with large cargoes, remains to be fully elucidated at 
the molecular level.  

A Quick Guide to CPPs  

Different types of CPPs  

Cupid Peptides – A powerful 
new tool for Cellular Research  

Cupid Peptides has been formed to specifically concentrate the skills and technology required to achieve this goal for you. 
We are focused to convert your chosen peptide or protein into a cell-penetrating form using our novel CPP “Cupid”. 

Cupid peptides are:- 
Easy to use, Convenient to store 

Quick to penetrate and deliver your cargo into the cytosol of your cell system 
Effective in putting your cargo into Mammalian, Plant and Fungal cells. 

Cell penetrating peptides (“CPPs”) have a huge role to play in both research and drug delivery.  
However, the majority of bio-medical researchers rarely use the most sophisticated CPPs 
available and research using these valuable tools has been slow. Whatever the reasons for this, 
it has hampered progress in understanding how proteins interact with each other inside human cells.

Now there is a company specializing in the production, creation and development of latest generation CPPs. Cupid
Peptide Company Limited (“CPL”) has developed a range of off the shelf CPPs linked to common peptides at the
forefront of biomedical research which can be provided to researchers at short notice.  Furthermore researchers
can commission CPL to create new peptides linking its proprietary CPP molecules to their desired cargo.  A whole
new world of bio-medical research investigating intra-cellular reactions is now available. 

Cupid Peptides – A powerful
new tool for Cellular Research

A Quick Guide to CPPs
The cell membrane surrounding living cells acts as a
barrier regulating what enters and exits the cell. The
membrane is made of a bilayer (double layer) of
charged lipid molecules with other molecules, such as
proteins, embedded within it.  Generally, the membrane
restricts large molecules, such as peptides from
accessing the interior of the cell. Whilst crucial for the
cell in protecting itself from the environment, this
restriction places limitations on research and drug
delivery.

CPPs are small stretches of protein with the ability to
bypass cell membranes and access interior of cells. This
capability is extended to larger stretches of protein
linked to such CPPs, allowing the CPPs to act as
transporters to carry through the membrane molecules
such as proteins, oligonucleotides, peptides, nucleic
acids, and other pharmacologically active compounds
(“Cargo”) which are normally barred from entering living
cells. CPPs can be at the heart of research strategies that
require efficient means of observing and utilizing the
impact of Cargo introduced directly into living cells in
real time.

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.

Class 1 - Are short peptides composed of strings of
highly charged basic (+) amino acids which bind to the
charged lipids present in the cell membrane.

Class 2 - Are viral peptides, whose function is to infect
cells. These attach to specific biological surface receptors
within the target cell membrane.

Class 3 - Are a special kind of peptide which does not
use the cells’ specially designed receptors, instead their
chemical make-up acts as a molecular drill which
directly conveys the CPP together with its Cargo across
the membrane.

Both Class 1 and 2 have been shown to complete their
cell entry through endocytosis, a process of cellular
ingestion by which the cell membrane folds inward
around the receptor and attached Cargo to bring it into
the cell.  However, the ingested Cargo is initially held
within a separate reservoir of vesicles known as
endosomes which are fenced off from the rest of the
cell by their own internal membranes.  Full absorption of
the Cargo requires breakdown of this internal
membrane.

Class 3 CPPs (“CPP3s) do not use classic endocytosis and
require no biological surface receptor or cell-derived
energy. The physics of this mechanism is currently not
fully understood. CPP3s are derived from rare natural
proteins. While the laboratory techniques for creating
CPP3s are reasonably well known in the research
community, they are cumbersome and such production
is something of a cottage industry which does not utilize
the best CPP3s or the fastest and most efficient means
of production that has been developed by CPL.

Cupid-GFP Protein – a
demonstration of CPP3
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.

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

widespread distribution of the fluorescence within the
cells observed under confocal microscopy (Figure B)
demonstrates Cupid-GFP is not trapped in vesicles but
has permeated the cells generally – characteristic
behaviour of CPP3 action.  Furthermore, the size of the
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.

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.

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

Consecutive fluorescence images were taken of live Mouse Heart Cells 
at the time indicated following addition of 5 uM Cupid-GFP

Time: 1 Min 15 Min 30 Min 45 Min 60 Min
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Fig B. Extent of Cupid-GFP Fluorescence
spread throughout living cell

GFP Fluorescence seen through focusing (confocal) microscopy. Consecutive sectons from
top to base of Mouse heart cells at 60 minutes aDer 5 uM Cupid-GFP additon.
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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 cell-
penetrating 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 
expensive and laborious undertaking to embark on. 

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 
are dispatched quickly and are ready to add to cells immediately. 
 
Secondly, we can manufacture Cupid-Cargo peptides to your order. Such peptides might 
contain GFP or other marker as required. New products will require us to recombine our 
plasmids before manufacturing and purifying the new molecules. We would expect the 
process to generally take about 2 months. We can offer an exclusivity period to customers 
for their new product.  
 
Thirdly, we would be delighted to enter into collaboration to work with institutions and to join 
research projects where novel cell penetrating peptides are required to meet your cutting 
edge research needs. 
. 
In addition to our peptide products, we are always happy to discuss the use of Cupid 
peptides with you and to offer our own experience to assist you with your experiments. 
 
If you havn’t used CPPs before, a whole new world of bio-medical research is now 
available to you. If you have used them, you will appreciate the difference Cupid makes. 
  

Cupid: A Cell Penetrating Peptides that delivers. 
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Cupid works with companies, academic research 
institutions and individual researchers in three ways. 

Working with Cupid Peptides  
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We are always looking for partners to 
collaborate on new projects 



Contact W.J.Ryves 
T:  02920 757 744 
E: jonnyryves@cupidpeptides.com 
 
www.cupidpeptides.com 
 
Cupid Peptides LTD, Cardiff Medicentre, Heath Park, Cardiff CF14 4UJ 
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