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T
he present invention provides an am

phiphilic linear peptide and/or peptoid as w
ell as a hy-

drogel that includes the am
phiphilic linear peptide/peptoid. T

he am
phiphilic linear pep-

tide/peptoid is capable of form
ing a hydrogel. T

hese peptides/peptoids include short am
-

phiphilic sequences w
ith a hydrophobic portion of aliphatic am

ino acids and at least one acid-

ic, neutral, or basic polar am
ino acid. T

he am
phiphilic linear peptide/peptoid is build up of 

non repetitive aliphatic am
ino acids, w

hich m
ay be in the L

- or D
-form

. A
 plurality of such 

peptides/peptoids assem
bles to supram

olecular helical fibers and form
s peptide hydrogels 

after assem
bly. A

 corresponding hydrogel is form
ed in aqueous solutions at physiological pH

 

and is thus useful for inter alia cell culture, tissue engineering, and drug release. S
uch hydro-

gels w
hich are rigid, biocom

patible and entrapping up to 99.9%
 of w

ater are also w
ell suited 

for applications utilizing electronic devices. 

B
A

C
K

G
R

O
U

N
D

 O
F

 T
H

E
 IN

V
E

N
T

IO
N

 

S
upram

olecular structures are held together by interm
olecular bondings that are responsible 

for the organization of polym
olecular system

s. T
he non-covalent, interm

olecular forces w
hich 

are required for the assem
bly of the defined supram

olecular structures are m
ainly electrostatic 

interactions, hydrogen bondings, van der W
aals forces, etc. S

upram
olecular chem

istry or bi-

ology gathers a vast body of tw
o or three dim

ensional com
plex structures and entities fonned 

by association of chem
ical or biological species. T

hese associations are governed by the prin-

ciples of m
olecular com

plem
entarity or m

olecular recognition and self-assem
bly. T

he 

know
ledge of the rules of interm

olecular association can be used to design polym
olecular 

assem
blies in form

 of m
em

branes, film
s, layers, m

icelles, tubules, gels for a variety of bio-

m
edical or technological applications (J.-M

. L
ehn, S

cience, 295, 2400-2403, 2002). 

P
eptides have been used for the fabrication of supram

olecular structures through m
olecular 

self-assem
bly (S

. Z
hang, N

ature B
iotechnology, 21, 1171-1178, 2003). P

eptides are for in- 



2 

stance able to assem
ble into nanotubes (U

S
 7,179,784) or into supram

olecular hydrogels con-

sisting of three dim
ensional scaffolds w

ith a large am
ount of around 98-99%

 im
m

obilized 

w
ater or aqueous solution. T

he peptide-based biom
aterials are pow

erful tools for potential 

applications in biotechnology, m
edicine and even technical applications. D

epending on the 

individual properties these peptide-based hydrogels are thought to serve in the developm
ent of 

new
 m

aterials for tissue engineering, regenerative m
edicine, as drug delivery vehicles or as 

peptide chips for pharm
aceutical research and diagnosis (E

. P
lace et al., N

ature M
aterials, 8, 

457-470, 2009). T
here is also a strong interest to use peptide-based self-assem

bled biom
ateri-

al such as gels for the developm
ent of m

olecular electronic devices (A
. R

. H
irst et al. A

ngew
. 

C
hem

. Int. E
d., 47, 8002-8018, 2008) 

A
 variety of "sm

art peptide hydrogels" have been generated that react on external m
anipula-

tions such as tem
perature, pH

, m
echanical influences or other stim

uli w
ith a dynam

ic behav-

ior of sw
elling, shrinking or decom

posing. N
evertheless, these biom

aterials are still not "ad-

vanced" enough to m
im

ic the biological variability of natural tissues as for exam
ple the ex-

tracellular m
atrix (E

C
M

) or cartilage tissue or others. T
he challenge for a m

eaningful use of 

peptide hydrogels is to m
im

ic the replacing natural tissues not only as "space filler" or m
e-

chanical scaffold, but to understand and cope w
ith the biochem

ical signals and physiological 

requirem
ents that keep the containing cells in the right place and under "in vivo" conditions 

(R
. F

airm
an and K

. A
kerfeldt, C

urrent O
pinion in S

tructural B
iology, 15, 453-463, 2005). 

M
uch effort has been undertaken to understand and control the relationship betw

een peptide 

sequence and structure for a rational design of suitable hydrogels. In general hydrogels con-

tain m
acroscopic structures such as fibers that entangle and form

 m
eshes. M

ost of the peptide-

based hydrogels utilize as their building blocks P
.-pleated sheets w

hich assem
ble to fibers. 

L
ater it w

as show
n that it is possible to design hydrogelating self-assem

bling fibers purely 

from
 a-helices. B

esides 13-sheet structure-based m
aterials (S

. Z
hang et al., P

N
A

S
, 90, 3334-

3338, 1993: A
. A

ggeli et al., N
ature, 386, 259-262, 1997, etc.) a variety of a-helical hydro-

gels has been developed (W
. A

. P
etka et al., S

cience, 281, 389-392, 1998; C
. W

ang et al., 

N
ature, 397, 417420, 1999; C

. G
ribbon et al., B

iochem
istry, 47, 10365-10371, 2008; E

. 

B
anw

ell et al., N
ature M

aterials, 8, 596-600, 2009, etc.). 

N
evertheless, the currently know

n peptide hydrogels are in m
ost of the cases associated w

ith 

low
 rigidity, som

etim
es unfavorable physiological properties and/or com

plexity and the re-

quirem
ent of substantial processing thereof w

hich leads to high production costs. T
here is 
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therefore a w
idely recognized need for peptide hydrogels that are easily form

ed, non-toxic 

and have a sufficiently high rigidity for standard applications. 

S
U

M
M

A
R

Y
 

It is th
erefo

re d
esirab

le to
 p

ro
v
id

e a b
io

co
m

p
atib

le co
m

p
o
u
n
d
 th

at is cap
ab

le o
f fo

rm
in

g
 a 

hydrogel that m
eets at least som

e of the above requirem
ents to a higher extent than currently 

available hydrogels and that is not restricted by the above m
entioned lim

itations. 

T
he objects of the present disclosure are solved by an am

phiphilic peptide and/or peptoid capable 

of form
ing a hydrogel, the am

phiphilic peptide and/or peptoid com
prising an am

phiphilic se-

quence consisting of: 

a hydrophobic sequence stretch of n aliphatic am
ino acids, w

herein n is an integer from
 2 to 15, 

and 

a hydrophilic sequence stretch linked to said hydrophobic sequence stretch and having a polar 

m
oiety w

hich is acidic, neutral or basic, said polar m
oiety com

prising m
 adjacent hydrophilic am

i-

no acids, w
herein m

 is an integer from
 1 to 5. 

In one em
bodim

ent the am
phiphilic peptide and/or peptoid has a C

-term
inus and an N

-term
inus 

w
herein the N

-term
inus is protected by a protecting group, w

herein said protecting group prefera-

bly is an acetyl group. 

In one em
bodim

ent , the am
phiphilic peptide and/or peptoid has a C

-tenninus, w
hich, if a basic 

polar am
ino acid is located at the C

-term
inus, is preferably am

idated. 

In one em
bodim

ent , n is an integer from
 2 to 6. 

In one em
bodim

ent , m
 is an integer from

 1 to 2. 

In one em
bodim

ent, the am
phiphilic peptide and/or peptoid consists of o am

phiphilic sequences, 

as defined above, w
hich am

phiphilic sequences are linked to each other, o being an integer from
 1 

to 50. 

In one em
bodim

ent , for a given am
phiphilic peptide and/or peptoid, said aliphatic am

ino acids 

and said hydrophilic am
ino acids are either D

-am
ino acids or L

-am
ino acids. 

In one em
bodim

ent , each of the hydrophilic am
ino acids has a polar group w

hich is independently 

selected from
 a hydroxyl, an ether, a carboxyl, an im

ido, an am
ido, an ester, an am

ino, a guanidi-

no, a thio, a thioether, a seleno, and a telluro group. 
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In one em
bodim

ent , said polar m
oiety of said hydrophilic sequence stretch com

prises m
 adjacent 

hydrophilic am
ino acids, m

 being defined as defined above, said hydrophilic am
ino acids being se-

lected from
 the group com

prising aspartic acid, asparagine, glutam
ic acid, glutam

ine, 5-N
-ethyl-

glutam
ine (theanine), citrulline, thio-citm

lline, cysteine, hom
ocysteine, m

ethionine, ethionine, se-

lenom
ethionine, tellurom

ethionine, threonine, allo-threonine, serine, hom
oserine, arginine, 

hom
oarginine, ornithine, lysine and N

(6)-carboxym
ethyllysine, histidine, and w

herein said hydro-

phobic sequence stretch com
prises n aliphatic am

ino acids, n being as defined above, said aliphat-

ic am
ino acids being selected from

 the group com
prising isoleucine, norleucine, leucine, valine, 

alanine, glycine, hom
oallylglyeine and hom

opropargylglyeine. 

In one em
bodim

ent , m
 is 1 to 2. 

In one em
bodim

ent, m
 is 2 and said polar m

oiety com
prises tw

o identical am
ino acids, or m

 is I 

and said polar m
oiety com

prises any one of aspartic acid, asparagine, glutam
ic acid, glutam

ine, 

serine, threonine, cysteine, m
ethionine, lysine and histidine. 

In one em
bodim

ent, said polar m
oiety is adjacent to the hydrophobic sequence stretch of n aliphat-

ic am
ino acids. 

In one em
bodim

ent, said polar m
oiety has a sequence selected from

 A
sp, A

sn, G
lu, G

ln, S
er, T

hr, 

C
ys, M

et, L
ys, H

is, A
sn-A

sn, A
sp-A

sp, G
lu-G

lu, G
in-G

ln, A
sn-G

ln, G
ln-A

sn, A
sp-G

ln, G
ln-A

sp, 

A
sn-G

lu, 	
A

sp-G
lu, G

lu-A
sp, G

ln-G
lu, G

lu-G
ln, A

sp-A
sn, A

sn-A
sp T

hr-T
hr, S

er-S
er, 

T
hr-S

er, S
er-T

hr, A
sp-S

er, S
er-A

sp, S
er-A

sn, A
sn-S

er, G
ln-S

er, S
er-G

ln, G
lu-S

er, S
er-G

lu, A
sp-

T
hr, T

hr-A
sp, T

hr-A
sn, A

sn-T
hr, G

ln-T
hr, T

hr-G
ln, G

lu-T
hr, 

hi one em
bodim

ent, said polar m
oiety com

prises the C
-term

inus of the am
phiphilic peptide and/or 

peptoid, or w
herein said polar m

oiety com
prises the N

-term
inus of the am

phiphilic peptide and/or 

peptoid. 

In one em
bodim

ent , both said C
-term

inus and said N
-term

inus do not carry any protecting groups 

attached to them
. 

In one em
bodim

ent, said polar m
oiety com

prises the C
-term

inus of the am
phiphilic peptide and/or 

peptoid, w
herein both said C

-term
inus and said N

-term
inus do not carry any protecting groups at-

tached to them
. 

In one em
bodim

ent, said polar m
oiety com

prises the C
-term

inus of the am
phiphilic peptide and/or 

peptoid, w
herein said C

-term
inus does not carry any protecting group, and w

herein said N
-

term
inus carries a protecting group. 

In one em
bodim

ent, said protecting group is an acetyl group attached to the am
ino-group of said 

N
-term

inus. 



In one em
bodim

ent, said polar m
oiety com

prises the C
-term

inus of the am
phiphilic peptide and/or 

peptoid, w
herein said C

-term
inus carries a protecting group, and w

herein said N
-term

inus does not 

cany any protecting group. 

In one em
bodim

ent, said protecting group is an am
ido-group attached to the carboxyl group of 

said C
-term

inus. 

In one em
bodim

ent, said polar m
oiety com

prises the C
-term

inus of the am
phiphilic peptide and/or 

peptoid, w
herein both said C

- term
inus and N

-teiniinus carry a protecting group. 

In one em
bodim

ent, said C
-term

inus protecting group is an am
ido-group attached to the carboxyl 

group of said C
-term

inus, and w
herein said N

-term
inus protecting group is an acetyl group at-

tached to the am
ino-group of said N

-term
inus. 

In one em
bodim

ent, said polar m
oiety consists of at least one am

ino acid positioned at the C
-

term
inus of the am

phiphilic peptide and/or peptoid. 

In one em
bodim

ent, said hydrophobic sequence stretch com
prises and/or foam

s the N
-term

inus of 

the am
phiphilic peptide and/or peptoid. 

In one em
bodim

ent, all or a portion of the aliphatic am
ino acids of the hydrophobic sequence 

stretch are arranged in an order of decreasing am
ino acid size in the direction from

 N
- to C

-

term
inus of the am

phiphilic peptide and/or peptoid, w
herein the size of the aliphatic am

ino acids is 

d
e
fin

e
d
a
sI=

L
>

V
>

A
>

G
. 

In one em
bodim

ent, said aliphatic am
ino acids arranged in an order of decreasing am

ino acid size 

have a sequence w
hich is a repetitive or non-repetitive sequence. 

In one em
bodim

ent, said aliphatic am
ino acids arranged in order of decreasing am

ino acid size 

have a sequence w
ith a length of 2 to 7, preferably 2 to 6, m

ore preferably 2 to 5 am
ino acids. 

In one em
bodim

ent, said aliphatic am
ino acids arranged in an order of decreasing am

ino acid size 

have a sequence selected from
 L

T
V

A
G

, IL
V

A
G

, L
T

V
A

A
, L

A
V

A
G

, W
A

G
, L

IV
A

, L
IV

G
, IV

A
 and 

W
, w

herein, optionally, there is an A
 preceding such sequence at the N

-term
inus. 

In one em
bodim

ent, all or a portion of the aliphatic am
ino acids of the hydrophobic sequence 

stretch are arranged in an order of identical am
ino acid size in the am

phiphilic peptide and/or pep-

toid.. 
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In one em
bodim

ent, said aliphatic am
ino acids arranged in order of identical am

ino acid size have 
a sequence w

ith a length of 2 to 4 am
ino acids. 

In one em
bodim

ent, said aliphatic am
ino acids arranged in an order of identical size have a se-

quence selected from
 L

L
L

L
, L

L
L

, L
L

, IIII, Ill, II, V
V

V
V

, V
V

V
, V

V
, A

A
A

A
, A

A
A

, A
A

, G
G

G
G

, 
G

G
G

, and G
G

. 

In one em
bodim

ent, the am
phiphilic sequence undergoes a conform

ational change during self-
assem

bly, preferably a conform
ational change from

 a random
 coil conform

ation to a helical inter-
m

ediate structure to a final beta conform
ation. 

In one em
bodim

ent, the conform
ational change is concentration dependent. 

In one em
bodim

ent, the am
phiphilic linear sequence com

prises a single hydrophilic and at least 
tw

o aliphatic am
ino acids. 

In one em
bodim

ent, the am
phiphilic sequence is one of S

E
Q

 ID
 N

O
: 1-42. 

It should be noted that any of the am
phiphilic sequences m

ay carry a protecting group at the N
-

term
inus or the C

-term
inus or both. F

or exam
ple, S

E
Q

 ID
 N

O
:1-42 m

ay all carry an acetyl group 
as protecting group at the N

-term
inus. A

s a further exam
ple, S

E
Q

 ID
 N

O
: 19 (L

IV
A

G
K

) m
ay car-

ry an am
ido-group as protecting group at the C

-term
inus, and additionally it m

ay have an acetyl 
group at the N

-term
inus as protecting group. 

In one em
bodim

ent, said am
phiphilic peptide and/or peptoid is stable in aqueous solution at physi-

ological conditions at am
bient tem

perature for a period of tim
e in the range from

 1 day to at least 
6 m

onths, preferably to at least 8 m
onths m

ore preferably to at least 12 m
onths. 

In one em
bodim

ent, the am
phiphilic peptide and/or peptoid is stable in aqueous solution at physio-

logical conditions, at a tem
perature up to 90 °C

, for at least 1 hour. 

T
he objects of the present disclosure are solved by a hydrogel com

prising the am
phiphilic peptide 

and/or peptoid according to the present disclosure. 

In one em
bodim

ent, the hydrogel is stable in aqueous solution at am
bient tem

perature for a period 
of at least 7 days, preferably at least 2 to 4 w

eeks, m
ore preferably at least 1 to 6 m

onths. 
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In one em
bodim

ent, the hydrogel is characterized by a storage m
odulus G

' to loss m
odulus G

" ra-
tio that is greater than 2. 

In one em
bodim

ent, the hydrogel is characterized by a storage m
odulus G

' from
 100 P

a to 80,000 
P

a at a frequency in the range of from
 0.02 H

z to 16 H
z. 

In one em
bodim

ent; the hydrogel has a higher m
echanical strength than collagen or its hydrolyzed 

form
 (gelatin). 

In one em
bodim

ent, the hydrogel according to the present disclosure com
prises fibers of the am

-

phiphilic peptide and/or peptoid as defined above, said fibers defining a netw
ork that is capable of 

entrapping at least one of a m
icroorganism

, a virus particle, a peptide, a peptoid, a protein, a nu-

cleic acid, an oligosaccharide, a polysaccharide, a vitam
in, an inorganic m

olecule, a synthetic pol-

ym
er, a sm

all organic m
olecule or a pharm

aceutically active com
pound. 

In one em
bodim

ent, the hydrogel com
prises at least one of a m

icroorganism
, a virus particle, a 

peptide, a peptoid, a protein, a nucleic acid, an oligosaccharide, a polysaccharide, a vitam
in, an in-

organic m
olecule, a synthetic polym

er, a sm
all organic m

olecule or a pharm
aceutically active 

com
pound entrapped by the netw

ork of fibers of the am
phiphilic polym

er. 

In one em
bodim

ent, the fibers of the am
phiphilic polym

er are coupled to the at least one of a m
i-

croorganism
, a virus particle, a peptide, a peptoid, a protein, a nucleic acid, an oligosaccharide, a 

polysaccharide, a vitam
in, an inorganic m

olecule, a synthetic polym
er, a sm

all organic m
olecule 

or a pharm
aceutically active com

pound entrapped by the netw
ork of fibers of the am

phiphilic pol-

ym
er. 

In one em
bodim

ent, the hydrogel is com
prised in at least one of a fuel cell, a solar cell, an elec-

tronic cell, a biosensing device, a m
edical device, an im

plant, a pharm
aceutical com

position and a 
cosm

etic com
position. 

In one em
bodim

ent, the hydrogel according to the present disclosure is for use in at least one of 

the follow
ing: release of a pharm

aceutically active com
pound, m

edical tool kit, a fuel cell, a solar 

cell, an electronic cell, tissue regeneration, stem
 cell therapy and gene therapy. 

In one em
bodim

ent, the hydrogel according to the present disclosure is injectable. 
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T
he objects of the present disclosure are solved by a m

ethod of preparing a hydrogel, the m
ethod 

com
prising dissolving an am

phiphilic peptide and/or peptoid according to the present disclosure in 
an aqueous solution. 

In one em
bodim

ent, the dissolved am
phiphilic peptide and/or peptoid in aqueous solution is fur-

ther exposed to tem
perature, w

herein the tem
perature is in the range from

 20 °C
 to 90 °C

, prefer-
ably from

 20 °C
 to 70 °C

. 

In one em
bodim

ent, the am
phiphilic peptide and/or peptoid is dissolved at a concentration from

 
0.01 lig/m

Ito 100 m
g/m

l, preferably at a concentration from
 1 m

g/m
.1 to 50 m

g/m
l, m

ore prefera-
bly at a concentration from

 about 1 m
g/m

l to about 20 m
g/m

l. 

T
he objects of the present disclosure are also solved by a surgical im

plant, or stent, the surgical 
im

plant or stent com
prising a peptide and/or peptoid scaffold, w

herein the peptide and/or peptoid 
scaffold is form

edby a hydrogel according to the present disclosure. 

T
he objects of the present disclosure are also solved by a pharm

aceutical and/or cosm
etic com

po-
sition and/or a biom

edical device and/or electronic device com
prising the am

phiphilic peptide 
and/or peptoid according to the present disclosure. 

In one em
bodim

ent, the pharm
aceutical and/or cosm

etic com
position and/or the biom

edical de-
vice, and/or the electronic devices as defined above, further com

prises a pharm
aceutically active 

com
pound. 

In one em
bodim

ent, the pharm
aceutical and/or cosm

etic com
position as defined above, further 

com
prises a pharm

aceutically acceptable carrier. 

T
he objects of the present disclosure are also solved by a kit of parts, the kit com

prising a first 
container w

ith an am
phiphilic peptide and/or peptoid according to the present disclosure and a 

second container w
ith an aqueous solution. 

In one em
bodim

ent, the aqueous solution of the second container further com
prises a pharm

aceu-
tically active com

pound. 
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In one em
bodim

ent, the first container w
ith an am

phiphilic peptide and/or peptoid further com
-

prises a pharm
aceutically active com

pound. 

T
he objects of the present disclosure are solved by a m

ethod of tissue regeneration com
prising the 

steps: 

providing a hydrogel as defined above, 

exposing said hydrogel to cells w
hich are to form

 regenerated tissue, 
allow

ing said cells to grow
 on said hydrogel. 

In one em
bodim

ent, the m
ethod as defined above is perform

ed in-vitro or in-vivo. 

In one em
bodim

ent, the m
ethod as defined above is perform

ed in vivo, w
herein, in step a), said 

hydrogel is provided at a place in a body w
here tissue regeneration is intended. 

In one em
bodim

ent, said step a) is perform
ed by injecting said hydrogel at a place in the body 

w
here tissue regeneration is intended. 

T
he present disclosure provides an am

phiphilic peptide and/or peptoid capable of form
ing a 

hydrogel. T
he am

phiphilic peptide and/or peptoid includes a hydrophobic and a hydrophilic 
sequence. T

his hydrophobic sequence has a length of n
 L

- or D
- am

ino acids. n is an integer, 
w

hich m
ay typically range from

 2 to about 15. T
he hydrophilic sequence has a polar and/or 

charged m
oiety com

prising m
 L

- or D
- am

ino acids. m
 is an integer from

 1 to 5. E
ach of the m

 
aliphatic am

ino acids carries an independently selected polar group. T
he am

phiphilic linear 
sequence has a net charge at physiological pH

 and a N
-term

inus carrying a protecting group. 
T

he protecting group can be an acetyl group. T
he am

phiphilic peptide and/or peptoid m
ay 

com
prise o linked am

phiphilic peptide and/or peptoid sequences of n hydrophobic and m
 hy-

drophilic L
- and D

- am
ino acids, w

herein o is an integer from
 1 to about 50. T

he am
phiphilic 

peptide and/or peptoid m
ay consist of o linked am

phiphilic peptide and/or peptoid sequences 
of n hydrophobic and m

 hydrophilic L
- and D

- am
ino acids. T

he value of n m
ay be an integer 

from
 2 to about 15. T

he value of m
 m

ay be 1 to 5. T
he charged and/or polar group of each of 

the
m

 hydrophilic L
- and D

- am
ino acids m

ay be independently selected from
 a hydroxyl, an 

ether, a carboxyl, an am
ido, an ester, an am

ino, a guanidino, a thio, a thioether, a seleno, and a 
telluro group. T

he charged or polar m
oiety of the hydrophilic sequence m

ay com
prise m

 L
-or 

D
-am

ino acids selected from
 the group consisting of aspartic 
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acid, asparagine, glutam
ic acid, glutam

ine, 5-N
-ethyl-glutam

ine (theanine), citrulline, thio-

citrulline, cysteine, hom
ocysteine, m

ethionine, ethionine, selenom
ethionine, tellurom

ethio-

nine, threonine, allo-threonine, serine, hom
oserine, arginine, hom

oarginine, om
ithine, lysin 

and N
(6)-carboxym

ethyllysine. T
he charged and/or polar m

oiety of the hydrophilic sequence 

m
ay com

prise tw
o identical am

ino acids. T
he tw

o identical am
ino acids m

ay be adjacent to 

the non-polar hydrophobic m
oiety. T

he charged and/or polar m
oiety m

ay consist of tw
o am

i-

no acids w
ith a sequence selected from

 A
sn-A

sn, A
sp-A

sp, G
lu-G

lu, G
ln-G

ln, A
sn-G

ln, G
ln-

A
sn, A

sp-G
ln, G

ln-A
sp, A

sn-G
lu, G

lu-A
sn, A

sp-G
lu, G

lu-A
sp, G

ln-G
lu, G

lu-G
ln, A

sp-A
sn, 

A
sn-A

sp, T
hr-T

hr, S
er-S

er, T
hr-S

er, S
er-T

hr, A
sp-S

er, S
er-A

sp, S
er-A

sn, A
sn-S

er, G
in-S

er, 

S
er-G

ln, G
lu-S

er, S
er-G

lu, A
sp-T

hr, T
hr-A

sp, T
hr-A

sn, A
sn-T

hr, G
ln-T

hr, T
hr-G

ln, G
lu-T

hr, 

T
hr-G

lu. T
he charged and/or polar m

oiety m
ay com

prise the C
-term

inus of the am
phiphilic 

peptide and/or peptoid. T
he charged and/or polar m

oiety m
ay com

prise (i) the C
-term

inus, 

the C
-term

inus carrying an unprotected C
-term

inal carboxyl group or (ii) the N
-tellainus, the 

N
-teim

inus carrying an unprotected N
-term

inal am
ino group. T

he charged and/or polar m
oie-

ty m
ay com

prise the C
-term

inus of the am
phiphilic peptide and/or peptoid, the C

-term
inus 

carrying an unprotected C
-term

inal carboxyl group and w
herein the N

-term
inus carries a pro-

tecting group preferably the acetyl group. T
he protecting group m

ay be an am
ido protecting 

group. T
he charged and/or polar m

oiety m
ay consist of at least one am

ino acid positioned at 

the C
-term

inus of the am
phiphilic peptide and/or peptoid. T

he hydrophobic sequence m
ay 

com
prise at least tw

o aliphatic am
ino acids that is defined by a m

ain chain com
prising I to 

about 20 carbon atom
s. A

 portion of the am
ino acids of the non-polar m

oiety m
aybe ar- 

ranged in a general sequence of dew
. 	easing size in the direction from

 N
- to C

-term
inus of the 

am
phiphilic peptide and/or peptoid, and the size of adjacent am

ino acids of the non-polar 

m
oiety m

ay be identical or sm
aller in the direction of the general sequence of decreasing size. 

T
he general sequence of decreasing size m

ay be preferably a non-repetitive sequence. T
he 

direction of the general sequence of decreasing size in w
hich adjacent am

ino acids m
ay be of 

identical or sm
aller size m

ay be the direction tow
ard the charged and/or polar m

oiety of the 

sequence. T
he portion of the am

ino acids arranged in a general sequence of decreasing size 

m
ay have a length of 2-7, preferably 2-6, m

ore preferably 2, 3, 4, 5 or 6 am
ino acids. T

he 

portion of the am
ino acids arranged in a general sequence of decreasing size m

ay also have a 

length of n-ni-I am
ino acids and w

herein the portion of the am
ino acids arranged in the gen-

eral sequence of decreasing size m
ay be positioned betw

een the rem
aining non-polar am

ino 

acid of the non-polar m
oiety of n-m

 am
ino acids and the polar m

oiety. T
he rem

aining non-

polar am
ino acid of the non-polar m

oiety of n-in am
ino acids m

ay define the N
-term

inus or 
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the C
-term

inus of the am
phiphilic peptide and/or peptoid. T

he rem
aining non-polar am

ino 

acid of the non-polar m
oiety of n-m

 am
ino acids m

ay be one of alanine, valine and glycine. 

T
he am

phiphilic linear sequence m
ay undergo a conform

ational change from
 a random

 coil 

conform
ation to a helical conform

ation during self-assem
bly. T

he conform
ational change 

m
ay be concentration dependent. T

he non-polar m
oiety of the am

phiphilic linear sequence 

m
ay com

prise at least one L
-or D

-am
ino acid selected from

 the group consisting of glycine, 

hom
oallylglycine, hom

opropargylglycine, alanine, valine, leucine, norleucine and isoleucine. 

T
he am

phiphilic linear sequence m
ay com

prise a single polar and/or charge and a single non-

polar m
oiety.' T

he am
phiphilic linear sequence m

ay have a positive or a negative net charge. 

T
he net charge m

ay be from
 about -1 to about -4 or from

 about +
5 to about +

1. T
he net 

charge m
ay be from

 about -1 to about -2. T
he net charge m

ay be -2. T
he net charge m

ay be 

+
1 or +

2or +
5. T

he am
phiphilic peptide and/or peptoid m

ay be stable in aqueous solution at 

physiological conditions at am
bient tem

perature for a period of fim
e in the range from

 1 day 

to at least 6 m
onths, preferably at least 8 m

onths, m
ore preferably at least 12 m

onths. T
he 

am
phiphilic peptide and/or peptoid m

ay be stable in aqueous solution at physiological condi-

tions at a tem
perature to 90 °C

 for at least 1 hour. 

In an aspect, there is provided an am
phiphilic peptide and/or peptoid capable of form

ing a 

hydrogel, the am
phiphilic peptide and/or peptoid com

prising an am
phiphilic sequence con-

sisting of: 

a hydrophobic sequence stretch of n aliphatic am
ino acids, w

herein n is an integer from
 2 to 6, 

w
herein all or a portion of the aliphatic am

ino acids of the hydrophobic sequence stretch are 

arranged in an order of decreasing am
ino acid size in the direction from

 N
- to C

-term
inus of 

the am
phiphilic peptide and/or peptoid, w

herein the size of the aliphatic am
ino acids is de-

fined as I =-1, >
V

 >
 A

>
 G

, and 

a hydrophilic sequence stretch linked to said hydrophobic sequence stretch and having a polar 

m
oiety w

hich is acidic, neutral or basic, said polar m
oiety com

prising m
 adjacent hydrophilic 

am
ino acids, w

herein m
 is an integer from

 1 to 2, w
herein the am

phiphilic peptide and/or pep-

toid has a C
-term

inus and an N
-term

inus, 

w
herein said hydrophobic sequence stretch com

prises and/or form
s the N

-term
inus of the 

am
phiphilic peptide and/or peptoid and said polar m

oiety consists of at least one am
ino acid 

positioned at the C
-term

inus of the am
phiphilic peptide and/or peptoid, 

and w
herein the N

-term
inus is protected by an acetyl group. 
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In another aspect, there is provided an am
phiphilic peptide and/or peptoid capable of form

ing 

a hydrogel, the am
phiphilic peptide and/or peptoid com

prising an am
phiphilic sequence con-

sisting of: 

a hydrophobic sequence stretch of n aliphatic am
ino acids, w

herein 11 is an integer from
 2 to 6, 

and 

a hydrophilic sequence stretch linked to said hydrophobic sequence stretch and having a polar 

m
oiety w

hich is acidic, neutral or basic, said polar m
oiety com

prising m
 adjacent hydrophilic 

am
ino acids, w

herein in is an integer from
 1 to 2, 

w
herein the am

phiphilic peptide and/or peptoid has a C
-term

inus and an N
-term

inus, 

w
herein said hydrophobic sequence stretch com

prises and/or form
s the N

-term
inus of the 

am
phiphilic peptide and/or peptoid and said polar m

oiety consists of at least one am
ino acid 

positioned at the C
-term

inus of the am
phiphilic peptide and/or peptoid, 

w
herein the N

-term
inus is protected by an acetyl group, 

w
herein all or a portion of the aliphatic am

ino acids of the hydrophobic sequence stretch are 

arranged in an order of identical am
ino acid size in the am

phiphilic peptide and/or peptoid, 

and said aliphatic am
ino acids arranged in order of identical am

ino acid size have a sequence 

w
ith a length of 2 to 4 am

ino acids, 

w
herein said aliphatic am

ino acids arranged in an order of identical size have a sequence se-

lected from
 L

L
L

L
, L

L
L

, L
L

, IIII, III, II, V
V

V
V

, V
V

V
, V

V
, A

A
A

A
, A

A
A

, A
A

, G
G

G
G

, and 

G
G

. 

hi another aspect, there is provided an am
phiphilic peptide and/or peptoid capable of form

ing 

a hydrogel, the am
phiphilic peptide and/or peptoid com

prising an am
phiphilic sequence con-

sisting of: 

a hydrophobic sequence stretch w
ith the am

ino acid sequence A
IV

A
G

, and 

a hydrophilic sequence stretch linked to said hydrophobic sequence stretch and having a polar 

m
oiety w

hich is acidic, neutral or basic, said polar m
oiety com

prising m
 adjacent hydrophilic 

am
ino acids, w

herein m
 is an integer from

 1 to 2, 

w
herein the am

phiphilic peptide and/or peptoid has a C
-term

inus and an N
-term

inus, 

w
herein said hydrophobic sequence stretch com

prises and/or form
s the N

-term
inus of the 

am
phiphilic peptide and/or peptoid and said polar m

oiety consists of at least one am
ino acid 

positioned at the C
-tem

iinus of the am
phiphilic peptide and/or peptoid, 

and w
herein the N

-term
inus is protected by an acetyl group. 
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T
he disclosure provides a hydrogel. T

he hydrogel includes an am
phiphilic peptide and/or pep-

toid as defined above. T
he hydrogel m

ay be stable in aqueous solution at am
bient tem

pera-

ture for a period of at least 7 days. T
he hydrogel m

ay be stable in aqueous solution at am
bient 

tem
perature for a period of at least 2 to 4 w

eeks. T
he hydrogel m

ay be stable in aqueous solu-

tion at am
bient tem

perature for a period of at least 1 to 6 m
onths. T

he hydrogel m
echanical 

property m
ay be characterized by a loss m

odulus G
" to storage m

odulus G
' ratio that is less 

thanl. T
he hydrogel m

ay be characterized by m
agnitude of storage m

odulus G
' greater than 

loss m
odulus G

" by m
inim

um
 factor of 1.5. T

he hydrogel m
ay be characterized by a storage 

m
odulus G

' of from
 100 P

a to 80,000 P
a at a frequency in the range of from

 0.02 H
z to 16 

H
z. T

he hydrogel m
ay be characterized by higher storage m

odulus G
' w

ith increase in the 

concentration of peptide. T
he hydrogel m

ay have a higher m
echanical strength than collagen 

or hydrolyzed form
 (gelatin). T

he hydrogel m
ay com

prise fibers of an am
phiphilic peptide 

and/or peptoid described herein. T
he fibers m

ay define a netw
ork that is capable of entrap-

ping at least one of a m
icroorganism

, a virus particle, a peptide, a peptoid, a protein, a nucleic 

acid, an oligosaccharide, a polysaccharide, a vitam
in, an inorganic m

olecule, a synthetic pol-

ym
er, a sm

all organic m
olecule or a pharm

aceutically active com
pound. T

he hydrogel m
ay 

com
prise at least one of a m

icroorganism
, a virus particle, 
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a peptide, a peptoid, a protein, a nucleic acid, an oligosaccharide, a polysaccharide, a vitam
in, 

an inorganic m
olecule, a synthetic polym

er, a sm
all organic m

olecule or a pharm
aceutically 

active com
pound entrapped by the netw

ork of fibers of the am
phiphilic polym

er. T
he fibers 

of the am
phiphilic polym

er m
ay be coupled to the at least one of a m

icroorganism
, a virus 

particle, a peptide, a peptoid, a protein, a nucleic acid, an oligosaccharide, a polysaccharide, a 
vitam

in, an inorganic m
olecule, a synthetic polym

er, a sm
all organic m

olecule or a pharm
a-

ceutically active com
pound entrapped by the netw

ork of fibers of the am
phiphilic polym

er. 
T

he hydrogel m
ay be com

prised in at least one of a fuel cell, a solar cell, a electronic cell, a 

biosensing device, a m
edical device, an im

plant, a pharm
aceutical com

position, drug delivery 
system

, tissue culture m
edium

, biosensor devices and a cosm
etic com

position. T
he hydrogel 

m
ay be for at least one of release of a pharm

aceutically active com
pound, m

edical tool kit, a 
fuel cell, a solar cell, an electronic cell, tissue regeneration, stem

 cell therapy and gene thera- 

py. 

In another aspect, there is provided a hydrogel com
prising the am

phiphilic peptide and/or 
peptoid as defined herein, 

w
herein, preferably, the hydrogel is stable in aqueous solution at am

bient tem
perature for a 

period of at least 7 days, the hydrogel is characterized by a storage m
odulus G

' to loss m
odu-

lus G
" ratio that is greater than 2, w

herein, preferably, the hydrogel has a higher m
echanical 

strength than collagen or its hydrolyzed form
 (gelatin). 

In som
e em

bodim
ents the hydrogel m

ay be used for tissue regeneration, drug release or gene 
therapy. 

T
he disclosure provides a m

ethod of preparing a hydrogel. T
he m

ethod includes providing an 
am

phiphilic peptide and/or peptoid as defined above. T
he m

ethod further includes dissolving 
and/or dispersing the am

phiphilic peptide and/or peptoid in an aqueous solution. T
he dis-

solved/dispersed am
phiphilic peptide and/or peptoid in aqueous solution m

ay be further ex-
posed to a tem

perature. T
he tem

perature m
ay be selected in the range from

 about 20 °C
 to 

about 90, preferably from
 20°C

 to 70°C
. T

he am
phiphilic peptide and/or peptoid m

ay be dis-

solved at a concentration from
 about 0.01 µg/m

l to about 100 m
g/m

l. T
he am

phiphilic pep-
tide and/or peptoid m

ay be dissolved at a concentration from
 about 1 m

g/m
l to about 50 

m
g/m

l. T
he am

phiphilic peptide and/or peptoid m
ay be dissolved and/or dispersed at a con-

centration from
 about 1 m

g/m
l to about 30 m

g/m
l. 
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In another aspect, there is provided a m
ethod of preparing a hydrogel, the m

ethod com
prising 

dissolving an am
phiphilic peptide and/or peptoid as defined herein in an aqueous solution, 

w
herein the dissolved am

phiphilic peptide and/or peptoid in aqueous solution is further ex-

posed to tem
perature, w

herein the tem
perature is in the range from

 20 °C
 to 90 °C

, w
herein, 

preferably, the am
phiphilic peptide and/or peptoid is dissolved at a concentration from

 0.01 

ug/m
1 to 100 m

g/m
l. 

T
he disclosure provides a surgical im

plant or stent. T
he surgical im

plant or stent includes a 

peptide and/or peptoid scaffold. T
he peptide and/or peptoid scaffold is defined by a hydrogel 

as defined above. 

In another aspect, there is provided a surgical im
plant, or stent, the surgical im

plant or stent 

com
prising a peptide and/or peptoid scaffold, w

herein the peptide and/or peptoid scaffold is 

form
ed by a hydrogel as defined herein. 

T
he disclosure provides a pharm

aceutical and/or cosm
etic com

position. T
he pharm

aceutical 

and/or cosm
etic com

position includes the am
phiphilic peptide and/or peptoid as defined 

above. T
he pharm

aceutical and/or cosm
etic com

position m
ay com

prise 
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a pharm
aceutically active com

pound. T
he pharm

aceutical and/or cosm
etic com

position m
ay 

com
prise a pharm

aceutically acceptable carrier. 

In another aspect, there is provided a pharm
aceutical and/or cosm

etic com
position and/or a 

biom
edical device and/or electronic device com

prising the am
phiphilic peptide and/or peptoid 

as defined herein, preferably, further com
prising a pharm

aceutically active com
pound and/or 

further com
prising a pharm

aceutically acceptable carrier. 

T
he disclosure provides a kit of parts. T

he kit includes a first container and a second contain-
er. T

he first container includes a peptide and/or peptoid as defined above. T
he second con-

tainer includes an aqueous solution. T
he aqueous solution of the second container m

ay further 
com

prise a pharm
aceutically active com

pound. T
he fist container w

ith an am
phiphilic pep-

tide and/or peptoid m
ay further com

prise a pharm
aceutically active com

pound. 

In another aspect, there is provided a m
ethod of tissue regeneration com

prising the steps: 
a) 

providing a hydrogel as defined herein, 
b) 

exposing said hydrogel to cells w
hich are to form

 regenerated tissue, 
c) 

allow
ing said cells to grow

 on said hydrogel, 
w

hich m
ethod is perform

ed in-vitro. 

O
ther objects and features of the present disclosure w

ill becom
e apparent to those skilled in 

the art upon review
 of the follow

ing description of specific em
bodim

ents of the disclosure in 
conjunction w

ith the accom
panying figures. 

B
R

IE
F

 D
E

SC
R

IP
T

IO
N

 O
F

 T
H

E
 D

R
A

W
IN

G
S 

E
m

bodim
ents of the invention w

ill now
 be described by w

ay of exam
ple w

ith reference to the 
accom

panying draw
ings, in w

hich: 

F
igure 1A

 1J represent a sorted list of som
e exem

plary peptides of the invention capable of 
form

ing hydrogels. T
hese peptides are em

bodim
ents in w

hich the entire peptide consists of a 
single linear am

phiphilic sequence. P
eptides w

hich are form
ing hydrogels are nam

ed w
ith a 

short code, but their individual sequence is disclosed. T
he peptides of these exam

ples consist 
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of a sequence of natural am
ino acids containing 3 to 7 am

ino acids. T
he N

-term
inus is acety-

lated w
hich rem

oves the charge that w
ould otherw

ise restrain the am
phiphilic character of the 

peptides. 

F
igure 2 depicts gelation pictures for peptide based hydrogels at low

est concentrations. 

F
igure 3 depicts gelation pictures for A

c-A
S

-6 (L
) at concentrations of 5 m

g/m
l, 10 m

g/m
l, 

15 m
g/m

l. 

F
igure 4 depicts a hypothesis of self-assem

bly from
 peptide m

onom
ers to supram

olecular 
netw

ork of condensed fibers. (A
) A

ssem
bly is believed to initiate w

ith antiparallel pairing of 
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tw
o peptide m

onom
ers by changing to a: helical conform

ations. S
ubsequently, peptide pairs 

assem
ble to fibers and nanostructures. C

ondensation of peptide fibers to fiber aggregates re-

sults in hydrogel form
ation 

F
igure 5 depicts environm

ental scanning electron m
icroscopy (E

S
E

M
) im

ages of hydrogels 

of A
c-L

D
6 (L

) (10 m
g,/m

1), w
here F

ig. 5A
, F

ig. 5B
, F

ig. 5C
, and are im

ages obtained at m
ag-

nification of 260X
, 1000X

, 2000X
, 2400X

, 4000X
 at a tem

perature of 4 °C
 w

ith H
V

 at 10K
V

. 

T
he im

ages indicate the form
ation of fibrous structures. 

F
igure 6 show

s field em
ission scanning electron m

icroscopy (F
E

S
E

M
) im

ages of hydrogels 

of A
c-L

D
 6 (L

) (15 m
g/m

1), w
here figure 6A

-D
 are im

ages obtained at m
agnifications of 

6000X
, 45000X

, 45000X
 and 40000X

 w
ith H

V
 at 10 K

V
. 

F
igure 7 depicts field em

ission scanning electron m
icroscopy (F

E
S

E
M

) im
ages of A

c-A
D

6 

(D
) hydrogels (20 m

g/m
l) at a m

agnification of 50 X
 (fig. 7A

) and 20000 X
 (fig. 7 B

) at 12 

K
V

. 

F
igure 8 show

s field em
ission scanning electron m

icroscopy (F
E

S
E

M
) im

ages of hydrogels 

of A
c-A

D
 6 (D

) (20 m
g/m

1) obtained at 120 X
 (fig.8A

), and 450 X
 (fig. 8B

). 

F
igure 9A

 a)-f) show
s the m

orphology and structure evaluation of the peptide scaffolds as 

determ
ined by field em

ission scanning electron m
icroscopy (a-f) (a) A

 honeycom
b porous 

structure is observed follow
ing lyophilization of 20 m

g/m
L

 A
c-A

D
6  (D

) hydrogel. T
he pores 

are bounded by m
em

branes of condensed fibers as show
n in close-up view

s of 15 m
g/m

L
 (b) 

and 20 m
g/m

L
 (c) A

c-ID
; (L

) hydrogels. F
urther m

agnification of 20 m
g/m

L
 A

c-A
D

6  (L
) 

hydrogel revealed single fibers (d, e). A
t low

er concentrations, 0.1 m
g/m

L
 A

c-L
D

6  (L
), 

nanostructures are observed (f). 

F
ig. 9B

 show
s an im

age obtained at a m
agnification of 1000x, H

V
 of 12 K

V
, F

ig. 9C
 ob-

tained at a m
agnification of 2500x, H

V
 of 12 K

V
, F

ig. 9D
 obtained at a m

agnification of 

4000x, H
V

 of 10 K
V

, F
ig. 9E

 obtained at a m
agnification of 35000x, H

V
 of 10 K

V
, F

ig. 9F
 

at a m
agnification of 80000x, H

V
 of 5 K

V
, F

ig. 9G
 obtained at a m

agnification of 120000x, 

H
V

 of 10 K
V

, and F
ig. 9H

 at a m
agnification of 200000x, H

V
 of 10 K

V
. 



15 

F
igure 10 show

s (a) F
ar-U

V
 C

D
 spectra dem

onstrate that w
ith increasing concentration there 

is the transition of A
c-L

D
6  peptide conform

ation from
 random

 coil (below
 threshold concen-

tration) to a-helical (222 and 208 um
 peaks) and further 13-type (negative band at 218 nm

) 

structures. H
eating the sam

ples to facilitate gelation increased the (3 type aggregation. (b) B
e-

low
 threshold concentration, the random

 coil conform
ations of 0.2 m

g/m
L

 A
c-L

D
6  w

ere re-

versibly affected by step-w
ise tem

perature increases (solid lines) from
 25°C

 to 90°C
 and cool-

ing (dotted lines). (c, d) A
bove the threshold concentration in 1 m

g/m
L

 A
c-L

D
6  gel, stepw

ise 

tem
perature increases (e) stabilized the (3 -type structures irreversibly, such that subsequent 

cooling (d) did not alter the C
D

 spectra. 

(e) Far-U
V

 C
D

 spectra of A
cID

3  at different concentrations. A
ll curves w

ere done at 25 °C
. 

F
igure 11 show

s R
heology.(a, b

) T
he high m

echanical strengths of different peptide hydro-

gels at 20 m
g/m

L
 concentration w

as determ
ined by m

easuring storage m
oduli (G

1) as a func-

tion of angular frequency under 0.1%
 strain, at 25°C

 and 50°C
 respectively. T

he gels dem
on-

strate good therm
al stability com

pared to gelatin, w
hich liquidified at 50°C

 (hence excluded in 

4B
). (c) M

echanical strength is a function of concentration, as determ
ined from

 oscillatory 

frequency sw
eep studies using A

c-L
D

6  (L
) under 0.1%

 strain at 25°C
. (d) Increasing salt con-

centration (N
aC

1) decreases G
., reducing the rigidity of 10 m

g/m
L

 A
c-L

D
6  (L

) hydrogels. 

F
igure 12 show

s a further exam
ple of a rheology m

easurem
ent for peptide based hydrogels. 

F
igure 12A

 and F
igu

re 12B
 depict oscillatory am

plitude sw
eep studies at tem

peratures of 

25°C
 and 50°C

 for A
c-A

D
6(L

) and A
c-A

D
6(D

) at a concentration of 20 m
g/m

1 w
ith a con-

stant frequency of [lrad-s] and a gap of 0.8 m
m

. T
he graphs indicate the plot of m

oduli [P
a] 

versus strain (%
) at tem

peratures of 25°C
 and 50°C

. T
he linear viscoelastic range w

as ob-

served at 0.07%
 to 0.2 strain %

 at tem
peratures of 25°C

 and 50°C
. F

ig. 12C
 and F

ig. 12D
 

depict oscillatory frequency sw
eep S

tudies at tem
peratures of 25°C

 and 50°C
 for A

c-A
D

6(L
) 

and A
c-A

D
6(D

) at a concentration of 20 m
g/m

1 w
ith varying frequency ranges from

 0.1 to 

100 [R
ad/s] w

ith a constant strain [%
] of 0.1%

 linear viscoelastic range and a gap of 0.8 m
m

. 
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F
igure 13 show

s a further exam
ple of a rheology m

easurem
ent for peptide based hydrogels. 

D
epicted is a frequency sw

eep study of a uv cross-linked peptide at a tem
perature of 25 °C

 

w
ith 0.1 %

 strain. 

F
igure 14 depicts rheology m

easurem
ents for gelatin-1890 (type A

, porcine skin). T
his figure 

show
s m

oduli data obtained at 25 °C
 w

hen applying different frequencies. 

F
igure 15 illustrates the biocom

patibility of peptide-based hydrogels of the invention using 

further cell lines. F
ig. I5A

 show
s a m

icroscopy im
age of hum

an prim
ary renal tubule cells 

(H
P

R
T

C
) after 72 hours after seeding on a hydrogel of A

c-L
D

6  (L
) in D

M
E

M
 m

edium
, 

grow
n at optim

um
 conditions. F

ig. I 5B
 show

s m
icroscopy im

ages of hum
an prim

ary renal 

tubule cells (H
P

R
T

C
) after 72 hrs after seeding on tissue culture plastic, grow

n at optim
um

 

conditions. F
ig. 15C

 show
s m

icroscopy im
ages of hum

an um
bilical vein endothelial cells 

(H
U

V
E

C
) after 72 hrs after seeding on gels of A

c-L
D

6  (L
) in D

M
E

M
 m

edium
, grow

n at op-

tim
um

 conditions. F
ig. 15D

 show
s m

icroscopy im
ages of hum

an um
bilical vein endothelial 

cells (H
U

V
E

C
) after 72 hrs after seeding on tissue culture plastic, grow

n at optim
um

 condi-

tions. 

F
igure 16 is a further illustration on the viability of cells in presence of a hydrogel of the in-

vention. H
um

an fibroblast cells w
ere cultured in the presence (F

ig. 16A
) and absence (F

ig. 

16B
) of A

c-L
D

6  (L
) (5 ing/rial). F

luorescein isothiocyanate (F
IT

C
) stained cells (left panels), 

T
exas red stained cells (center panels) and cells stained w

ith both F
IT

C
 and T

exas red (right 

panels) are show
n. 

D
E

T
A

IL
E

D
 D

E
S

C
R

IP
T

IO
N

 O
F

 T
H

E
 IN

V
E

N
T

IO
N

 

A
n exem

plary em
bodim

ent of the invention provides a novel class of hydrogel-form
ing pep-

tides/peptoids derived from
 inter alia natural am

ino acids. T
hese peptides/peptoids are sm

all 

am
phiphilic peptides w

ith a hydrophobic portion of aliphatic am
ino acids and one or tw

o po-

lar am
ino acids. T

he peptides/peptoids (typically 3-7-m
ers) are typically in the L

- or D
-form

 

and can self assem
ble into supram

olecular fibers w
hich are organized into m

esh-like struc- 
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tures. T
he hydrogels are generally characterized by a rem

arkable rigidity and are biocom
pati-

blc and non-toxic. D
epending on the peptide/peptoid sequence these hydrogels can show

 

thennoresponsive or thixotropic character. B
y selecting the peptide assem

bling conditions the 

thickness and length of the fibers can be controlled. T
he rigid hydrogels can be used for culti-

vation of a variety of prim
ary hum

an cells, providing peptide scaffolds that can be useful in 

the repair and replacem
ent of various tissues. A

lso disclosed is the procedure of preparing 

these hydrogels. D
isclosed is further the use of respective hydrogels in applications such as 

cell culture, tissue engineering, plastic surgery, drug delivery, oral applications, cosm
etics, 

packaging and the like as w
ell as for technical applications, as for exam

ple for use in electron-

ic devices w
hich m

ay include solar or fuel cells. 

A
n exem

plary of the present invention provides an am
phiphilic peptide and/or peptoid capa-

ble of foam
ing a hydrogel, i.e. a polym

er netw
ork in w

hich w
ater is the dispersion m

edium
. 

T
he am

phiphilic peptide and/or peptoid includes one or m
ore linear am

phiphilic sequences, 

each having a polar and a non-polar portion. F
or sake of sim

plicity explanations are in the 

follow
ing to a large extent focused on am

phiphilic peptides and/or peptoids that consist of a 

single respective linear sequence. In these explanations a respective peptide and/or peptoid is 

denom
inated a "linear peptide and/or peptoid". R

espective explanations apply to any linear 

sequence, w
hich m

ay also be included in an am
phiphilic peptide and/or peptoid w

ith a plurali-

ty of these linear sequences. E
ach of these linear sequences is individually selected. In som

e 

em
bodim

ents an am
phiphilic peptide and/or peptoid disclosed herein includes several linear 

am
phiphilic sequences, each of them

 differing from
 any other of the linear am

phiphilic se-

quences. In som
e em

bodim
ents an am

phiphilic peptide and/or peptoid disclosed herein in-

cludes several identical linear am
phiphilic sequences. In one em

bodim
ent an am

phiphilic pep-

tide and/or peptoid disclosed herein includes a plurality of linear am
phiphilic sequences, each 

linear am
phiphilic sequence being identical to each other linear am

phiphilic sequence. 

A
 peptide and/or peptoid according to an exem

plary em
bodim

ent of the invention includes o 

am
phiphilic linear sequences. T

he sym
bol a represents an integer selected in the range from

 1 

to about 25, such as from
 1 to about 20, from

 1 to about 18, from
 1 to about 15, from

 1 to 

about 12, from
 1 to about 10, from

 1 to about 8, from
 1 to about 6, from

 1 to about 5 from
 1 to 

about 4 or from
 1 to about 3. In som

e em
bodim

ents these am
phiphilic linear sequences are 

linked in a consecutive m
anner, thereby defining a linear portion of the peptide and/or pep-

toid. In som
e em

bodim
ents the peptide and/or peptoid has a backbone w

ith one or m
ore 

branches. In such an em
bodim

ent these am
phiphilic linear sequences m

ay be included on dif-

ferent branches. 



18 

A
s m

entioned above, each of the o am
phiphilic linear sequences is independently selected. A

 

respective am
phiphilic linear sequence has a length of n aliphatic am

ino acids. T
he sym

bol n 

represents an integer selected in the range from
 3 to about 18, such as from

 3 to about 15, 

from
 3 to about 14, from

 3 to about 13, from
 3 to about 12, from

 3 to about 11, from
 3 to 

about 10, from
 3 to about 9, from

 3 to about 8 or from
 3 to about 7, such as 3, 4, 5, 6, 7, 8, 9 

or 10 aliphatic am
ino acids. 

In som
e em

bodim
ents an am

phiphilic linear sequence of a peptide and/or peptoid described 

herein is chiral, rendering the entire am
phiphilic peptide and/or peptoid chiral. A

 correspond-

ing linear peptide and/or peptoid, i.e. an em
bodim

ent that consists of a single respective linear 

sequence, is accordingly a chiral peptide or peptoid. A
 respective am

phiphilic linear sequence 

m
ay include any linear non-arom

atic am
ino acid. T

he term
 "am

ino acid" as used herein refers 

to an alpha-am
ino carboxylic acid, i.e. a carboxylic acid w

ith an am
ino group in the a-

position. T
he respective am

ino group m
ay be an -N

H
2  group or an -N

H
R

' group T
he m

oiety 

R
1  m

ay'be any aliphatic group, w
hether alkyl, alkenyl or alkynyl, w

ith a m
ain chain that in-

cludes 1 to 5, to 10, to 15 or to 20 carbon atom
s. E

xam
ples of alkenyl radicals are straight-

chain or branched hydrocarbon radicals w
hich contain one or m

ore double bonds. A
lkenyl 

radicals generally contain about tw
o to about tw

enty carbon atom
s and one or m

ore, for in-

stance tw
o, double bonds, such as about tw

o to about ten carbon atom
s, and one double bond. 

A
lkynyl radicals norm

ally contain about tw
o to about tw

enty carbon atom
s and one or m

ore, 

for exam
ple tw

o, triple bonds, preferably such as tw
o to ten carbon atom

s, and one triple 

bond. E
xam

ples of alkynyl radicals are straight-chain or branched hydrocarbon radicals w
hich 

contain one or m
ore triple bonds. E

xam
ples of alkyl groups are m

ethyl, ethyl, propyl, butyl, 

pentyl, boxy!, heptyl, octyl, nonyl, decyl, the n isom
ers of these radicals, isopropyl, isobutyl, 

isopentyl, sec-butyl, tert-butyl, neopentyl, 3,3 din)ethylbutyl. 

A
 peptoid is an oligo(N

-alkyl) glycine that, sim
ilar to the side chain connected to the a carbon 

atom
 (see below

) of a peptide, at the am
ide nitrogen carries a m

oiety that is in the present in-

vention an aliphatic m
oiety. A

ccordingly, in em
bodim

ents w
here an -N

H
R

' group (supra) is 

included in the am
ino acid and the a carbon atom

 is included in a -C
H

,- group, the reaction 

product of coupling a plurality of such am
ino acids m

ay be called a peptoid. A
 peptoid can 

also be taken to differ from
 a peptide in that it carries its side chain at the am

ide nitrogen ra-

ther than at the a carbon atom
. P

eptoids are typically resistant to proteases and other m
odify-

ing enzym
es and can have a m

uch higher cell perm
eability than peptides (see e.g. K

w
on, Y

.-

U
., and. K

odadek, T
., J. A

m
. C

hem
. Soc. (2007) 129, 1508-1509). 
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T
he term

 "am
ino acid" includes com

pounds in w
hich the carboxylic acid group is shielded by 

a protecting group in the form
 of an ester (including an ortho ester), a silyl ester, an am

ide, a 

hydrazide, an oxazole, an 1,3-oxazoline or a 5-oxo-1,3,-oxazolidine. T
he M

on "am
ino acid" 

also includes com
pounds in w

hich an am
ino group of the form

 -N
H

2  or -N
H

R
I  (supra) is 

shielded by a protecting group. S
uitable am

ino protecting groups include, but are not lim
ited 

to
, a carb

am
ate, an

 am
id

e, a su
lfo

n
am

id
e, an

 im
in

e, an
 im

id
e, h

istid
in

e, a N
-2

,5
,-

dim
ethylpyrrole, an N

-1,1,4,4-tetram
ethyldisitylazacyclopentane adduct, an N

-1,1,3,3-

tetram
ethy1-1,3-disilisoindoline, an N

-diphenylsilyldiethylene, an 1,3,5-dioxazine, a 1\142-

(trim
ethylsilypethoxylm

ethylam
ine, a N

-(5,5-dim
ethy1-3-oxo-l-cyclohexenyl)am

ine, a N
-

4,4,4-trifluoro-3-oxo-l-butenylarnine, a N
-9-borabicyclononane and a nitroam

ine. A
 protect-

ing group m
ay also be present that shields both the am

ino and the carboxylic group such as 

e.g. in the form
 of a 2,2-dim

ethy1-4-alkyl-2-sila-5-oxo-1,3-oxazolidine. T
he alpha carbon at-

om
 of the am

ino acid typically further carries a hydrogen atom
. T

he so called "side chain" 

attached to the alpha carbon atom
, w

hich is in fact the continuing m
ain chain of the carbox-

ylic acid, is an aliphatic m
oiety that m

ay be linear or branched. T
he term

 "side chain" refers to 

the presence of the am
ino acid in a peptide (supra), w

here a backbone is form
ed by coupling a 

plurality of am
ino acids. A

n aliphatic m
oiety bonded to the a carbon atom

 of an am
ino acid 

included in such a peptide then defines a side chain relative to the backbone. A
s explained 

above, the sam
e applies to an aliphatic m

oiety bonded to the am
ino group of the am

ino acid, 

w
hich likew

ise defines a side chain relative to the backbone of a peptoid. 

T
he term

 "aliphatic" m
eans, unless otherw

ise stated, a straight or branched hydrocarbon 

chain, w
hich m

ay be saturated or m
ono- or poly-unsaturated and include heteroatom

s. T
he 

term
 "heteroatom

" as used herein m
eans an atom

 of any elem
ent other than carbon or hydro-

gen. A
n unsaturated aliphatic group contains one or m

ore double and/or triple bonds (alkenyl 

or alkynyl m
oieties). T

he branches of the hydrocarbon chain m
ay include linear chains as w

ell 

as non-arom
atic cyclic elem

ents. T
he hydrocarbon chain, w

hich m
ay, unless otherw

ise stated, 

be of any length, and contain any num
ber of branches. T

ypically, the hydrocarbon (m
ain) 

chain includes 1 to 5, to 10, to 15 or to 20 carbon atom
s. E

xam
ples of alkenyl radicals are 

straight-chain or branched hydrocarbon radicals w
hich contain one or m

ore double bonds. 

A
lkenyl radicals generally contain about tw

o to about tw
enty carbon atom

s and one or m
ore, 

for instance tw
o, double bonds, such as about tw

o to about ten carbon atom
s, and one double 

bond. A
lkynyl radicals norm

ally contain about tw
o to about tw

enty carbon atom
s and one or 

m
ore, for exam

ple tw
o, triple bonds, preferably such as tw

o to ten carbon atom
s, and one tri-

ple bond. E
xam

ples of alkynyl radicals are straight-chain or branched hydrocarbon radicals 
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w
hich contain one or m

ore triple bonds. E
xam

ples of alkyl groups are m
ethyl, ethyl, propyl, 

butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, the n. isom
ers of these radicals, isopropyl, 

isobutyl, isopentyl, sec-butyl, tert-butyl, neopentyl, 3,3 dim
ethylbutyl. B

oth the m
ain chain as 

w
ell as the branches m

ay furtherm
ore contain heteroatom

s as for instance N
, 0, 5, S

e or S
i or 

carbon atom
s m

ay be replaced by these heteroatom
s. 

A
n aliphatic m

oiety m
ay be substituted or unsubstituted w

ith one or m
ore functional groups. 

S
ubstituents m

ay be any functional group, as for exam
ple, but not lim

ited to, am
ino, am

ido, 

azido, carbonyl, carboxyl, keto, cyano, isocyano, dithiane, halogen, hydroxyl, nitro, organo-

m
etal, organoboron, seleno, silyl, silano, sulfonyl, thio, thiocyano, trifluorom

ethyl sulfonyl, p-

toluenesulfonyl, brom
obenzenesulfonyl, nitrobenzenesulfonyl, and m

ethanesulfonyl. 

A
s should be apparent from

 the above, the side chain of an am
ino acid in a peptide/peptoid 

described herein m
ay be of a length of 0 to about 5, to about 10, to about 15 or to about 20 

carbon atom
s. It m

ay be branched and include unsaturated carbon-carbon bonds. In som
e em

-

bodim
ents one or m

ore natural am
ino acids are included in the peptide or peptoid. S

uch a nat-

ural am
ino acid m

ay be one of the 20 building blocks of naturally occurring proteins. 

In a peptide or peptoid, including a peptide/peptoid disclosed herein individual am
ino acids 

are covalently coupled via am
ide bonds betw

een a carboxylic group of a first and an am
ino 

group of a second am
ino acid. A

 peptide and/or peptoid disclosed herein is non-repetitive, 

such that tw
o am

ino acids coupled to each other are alw
ays different from

 one another. 

T
he term

 am
phiphilic refers to a com

pound that is soluble in both polar and non-polar fluids. 

It also encom
passes m

ultiphase com
pounds. T

he am
phiphilic properties of the peptide and/or 

peptoid are due to the presence of both polar and non-polar m
oieties w

ithin the sam
e peptide 

and/or peptoid. In this regard the peptide and/or peptoid m
ay be of surfactant nature. A

ccord-

ingly, the polar properties of a peptide and/or peptoid according to an em
bodim

ent of the in-

vention are based on a polar m
oiety. T

w
o such m

oiety are a -C
O

O
H

 side group, in particular 

in the form
 of a charged C

O
O

" group and an am
ino group. A

 further such m
oiety is a C

-

term
inal -C

O
O

H
 group if it is present in free, unprotecetd form

. G
enerally, a surfactant m

ole-

cule includes a polar, typically hydrophilic, head group attached to a non-polar, typically hy-

drocarbon, m
oiety. N

on-polar m
oieties of a peptide or peptoid include a hydrocarbon chain 

that does not carry a functional group. 

A
n am

phiphilic linear sequence included in a peptide and/or peptoid of an em
bodim

ent of the 

invention thus includes a polar m
oiety and a non-polar m

oiety. T
he polar m

oiety includes an 
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aliphatic am
ino acid that carries a polar group such as a hydroxyl group, a thiol group, a sele-

no group, an am
ino group, an am

ide group, an ether group, a thioether group or a seleno ether 

group. A
ccordingly, the polar m

oiety m
ay include an am

ino acid that carries a functional po-

lar group w
ith a proton such as hydroxyl, thiol, selenol, am

ine or am
ide. T

he polar m
oiety 

m
ay also include the C

-term
inus or the N

-term
inus of the peptide and/or peptoid. T

he C
-

term
inus or the N

-term
inus m

ay in such a case be present in the form
 of the free carboxyl or 

am
ino group, respectively, i.e. free of a protecting group. 

G
enerally the polar m

oiety of a linear am
phiphilic sequence of an am

phiphilic peptide and/or 

peptoid of an em
bodim

ent of the invention is defined by a single am
ino acid, by tw

o consecu-

tive am
ino acids or by three consecutive am

ino acids that is/are coupled to the non-polar m
oi-

ety of the peptide/peptoid. A
ccordingly, in som

e em
bodim

ents the polar m
oiety of the pep-

tide/peptoid consists of tw
o am

ino acids that are covalently coupled via an am
ide bond, both 

am
ino acids carrying a polar peptide/peptoid side chain. O

ne of these tw
o am

ino acids m
ay be 

a term
inal am

ino aid of the peptide/peptoid, defining its N
- or C

-term
inus. In som

e em
bodi-

m
ents the am

phiphilic peptide/peptoid has a single am
ino acid w

ith a polar side chain w
ith the 

residual portion of the peptide/peptoid defining the non-polar m
oiety. In som

e em
bodim

ents 

the am
phiphilic peptide/peptoid has tw

o am
ino acids w

ith a polar side chain w
hile the residual 

portion of the peptide/peptoid defines the non-polar m
oiety. A

s three illustrative exam
ples of 

a respective polar side chain m
ay serve 4-m

ethyl-4-thio-pentyl, 6-ethoxycarbonyl-4,5-

dim
ethyl-hexyl and 6-hydroxy-4-(1-hydroxyethyl)-hexyl groups. A

s used herein, the num
ber-

ing of corresponding peptide/peptoid side chains is started w
ith "1" at the carbon atom

 that is 

covalently bonded to the a-carbon atom
 of the am

ino acid or to the am
ino group of the am

ino 

acid, respectively. A
m

ino acids included in the polar m
oiety m

ay be or include, but are not 

lim
ited to, aspartic acid, asparagine, glutam

ic acid, 4-fluoro-glutam
ic acid, 2-am

inoadipic 

acid, y-carboxy-glutam
ic acid, 4-tert-butyl aspartic acid, glutam

ine, 5-N
-ethyl-glutam

ine 

(theanine), citrulline, thio-citrulline, cysteine, hom
ocysteine, m

ethionine, ethionine, seleno-

m
ethionine, tellurom

ethionine, threonine, allo-threonine, serine, hom
oserine, arginine, 

hom
oarginine, om

ithine, lysine, 5-hydroxy-lysine and N
(6)-carboxym

ethyllysine. A
ny such 

am
ino acid m

ay be present in the L
-or D

-form
. 

T
he am

phiphilic linear sequence of the am
phiphilic peptide/peptoid of an em

bodim
ent of the 

invention can be defined as having n am
ino acids. W

here a single am
ino acid w

ith a polar side 

chain is included in the am
phiphilic linear sequence , the non-polar m

oiety m
ay then be taken 

to have n-1 am
ino acids. In this case the polar m

oiety consists of exactly one am
ino acid, such 

am
ino acid being selected from

 any am
ino acids of the foregoing paragraph. W

here tw
o con- 
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secutive am
ino acids w

ith a polar side chain are included in the am
phiphilic linear sequence 

of the peptide/peptoid, the non-polar m
oiety m

ay then be taken to have n-2 am
ino acids. In 

this case the polar m
oiety consists of exactly tw

o am
ino acids. W

here three consecutive am
i-

no acids w
ith a polar side chain are included in the am

phiphilic linear sequence, the non-polar 

m
oiety m

ay then be taken to have n-3 am
ino acids. In this case the polar m

oiety consists of 

exactly three am
ino acids. In em

bodim
ents w

here the polar m
oiety consists of tw

o am
ino ac-

ids, the polar m
oiety m

ay have a sequence selected from
 A

sn-A
sn, A

sp-A
sp, G

lu-G
lu, G

ln-

G
ln, A

sn-G
ln, G

ln-A
sn, A

sp-G
ln, G

ln-A
sp, A

sn-G
lu, G

lu-A
sn, A

sp-G
lu, G

lu-A
sp, G

ln-G
lu, 

G
lu-G

ln, A
sp-A

sn, A
sn-A

sp, T
hr-T

hr, S
er-S

er, T
hr-S

er, S
er-T

hr, A
sp-S

er, S
er-A

sp, S
er-A

sn, 

A
sn-S

er, G
ln-S

er, S
er-G

ln, G
lu-S

er, S
er-G

lu, A
sp-T

hr, T
hr-A

sp, T
hr-A

sn, A
sn-T

hr, G
ln-T

hr, 

T
hr-G

ln, G
lu-T

hr, T
hr-G

lu. In em
bodim

ents w
here the polar m

oiety consists of three am
ino 

acids, the polar m
oiety m

ay have a sequence selected from
 A

sn-A
sn-A

sn, A
sn-A

sn-A
sp, A

sn-

A
sp-A

sn, A
sp-A

sn-A
sn, A

sp-A
sp-A

sn, A
sp-A

sn-A
sp, A

sp-A
sp-A

sp, A
sn-A

sn-G
lu, A

sn-

A
sn-G

ln, A
sn-G

lu-A
sn, A

sn-G
ln-A

sn, G
lu-G

lu-G
lu, G

ln-G
ln-G

ln, A
sn-G

in-G
ln, A

sn-G
lu-

G
ln, A

sp-A
sn-G

lu, G
ln-A

sn-A
sn, G

ln-A
sn-A

sn, G
lu-A

sp-G
ln, A

sp-G
ln-A

sp, A
sn-G

lu-A
sp, 

G
lu-A

sn-G
ln, A

sp-G
lu-G

ln, A
sn-G

lu-G
ln, G

lu-A
sp-A

sn, and G
ln-A

sp-A
sn, T

hr-T
hr-T

hr, 

S
er-S

er-S
er, A

sn-T
hr-T

hr, A
sn-S

er-S
er A

sn-S
er-T

hr, A
sn-T

hr-S
er A

sp-A
sn-S

er, S
er-A

sn-

A
sn, T

hr-A
sn-A

sn, Ser-A
sp-T

hr,to nam
e a few

. 

T
he am

phiphilic linear sequence of the peptide/peptoid has a net charge at physiological pH
. 

T
he term

" physiological pH
" is know

n to those in the art to refer to the pH
 value of blood, 

w
hich has typically a pH

 value of about 7.4. In em
bodim

ents w
here the am

phiphilic linear 

sequence is arranged at the C
- or N

-term
inus of the peptide/peptoid, the respective term

inus 

m
ay provide the corresponding net charge. In em

bodim
ents w

here the am
phiphilic linear se-

quence is not arranged at the C
- or N

-term
inus of the peptide/peptoid, the polar m

oiety of the 

am
phiphilic linear sequence includes one or m

ore am
ino acids that have a side chain w

ith a 

functional group that is charged at physiological pH
. Illustrative exam

ples of a respective 

functional group include an am
ino, a nitro-, a guanidino, a esteryl, a sulfonyl or a carboxyl 

group. In som
e em

bodim
ents the net charge of the am

phiphilic linear sequence is, as a posi-

tive or as a negative charge, equal to or sm
aller than the num

ber of am
ino acids included in 

the polar m
oiety thereof. In som

e em
bodim

ents the net charge of the am
phiphilic linear se- 
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quence is one of -3, -2 or -1. In som
e em

bodim
ents the net charge of the am

phiphilic linear 

sequence is +
1, +

2 or +
3. 

T
he respective polar side chain of an am

ino acid of the polar m
oiety, coupled to the a-carbon 

atom
 of the am

ino acid (supra) and/or to the am
ino group thereof, m

ay typically be defined by 

a m
ain chain that includes 1 to about 20, including 1 to about 15, 1 to about 10 or 1 to about 5 

carbon atom
s. F

or sake of clarity it is recited that the term
 "side chain" is used relative to the 

backbone of the peptide and/or peptoid. T
his peptide and/or peptoid side chain m

ay be 

branched and thus be defined by a m
ain chain and branches. B

oth the m
ain chain and branch-

es, if present, of the peptide and/or peptoid side chain m
ay include one or m

ore double or tri-

ple bonds (supra). E
xam

ples of side chains include, but are not lim
ited to, m

ethyl, ethyl, pro-

pyl, isopropyl, propenyl, propinyl, butyl, butenyl, sec-butyl, tert-butyl, isobutyl, pentyl, neo-

pentyl, isopentyl, pentenyl, hexyl, 3,3 dim
ethylbutyl, heptyl, octyl, nonyl or decyl groups. T

he 

functional polar group is bonded to this the peptide and/or peptoid side chain. 

In som
e em

bodim
ents the polar m

oiety of the am
phiphilic linear sequence includes tw

o iden-

tical am
ino acids. W

here these am
ino acids are naturally occurring am

ino acids, they m
ay for 

exam
ple define one of the sequences L

ys-L
ys, G

in-G
ln, G

lu-G
lu, A

sp-A
sp, A

sn-A
sn, M

et-

M
et, T

hr-T
hr, A

rg-A
rg or S

er-S
er. T

he term
 "naturally occurring" in this context refers to the 

20 am
ino acids into w

hich the genetic code is directly being translated by any organism
. S

uch 

tw
o identical polar am

ino acids m
ay for exam

ple be adjacent to the non-polar m
oiety. 

In som
e em

bodim
ents the am

phiphilic linear sequence of the peptide/peptoid has a hydropho-

bic tail of aliphatic am
ino acids and at least one polar, including a charged, am

ino acid head 

group. 

T
he non-polar m

oiety includes an am
ino acid, generally at least tw

o am
ino acids, w

ith a hy-

drocarbon chain that does not carry a functional group. T
he respective side chain, coupled to 

the a-carbon atom
 of the am

ino acid (supra), m
ay have a m

ain chain that includes 0 to about 

20 or 1 to about 20, including 0 to about 15, 1 to about 15, 0 to about 10, 1 to about 10, 1 to 

about 5 or 0 to about 5 carbon atom
s. T

he non-polar m
oiety m

ay thus include an am
ino acid 

w
ithout side chain, i.e. glycine. T

he peptide and/or peptoid side chain m
ay be branched (su-

pra) and include one or m
ore double or triple bonds (supra). E

xam
ples of peptide and/or pep-

toid side chains include, but are not lim
ited to, m

ethyl, ethyl, propyl, isopropyl, propenyl, 

propinyl, butyl, butenyl, sec-butyl, tent-butyl, isobutyl, pentyl, neopentyl, isopentyl, pentenyl, 

hexyl, 3,3 dim
ethylbutyl, heptyl, octyl, nonyl or decyl groups. A

s a few
 illustrative exam

ples, 

the non-polar m
oiety m

ay include an am
ino acid of alanine, valine, leucine, isoleucine, nor- 
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leucine, norvaline, 2-(m
ethylam

ino)-isobutyric acid, 2-am
ino-5-hexynoic acid. S

uch an am
ino 

acid m
ay be present in any desired configuration. B

onded to the non-polar m
oiety m

ay also be 

the C
-term

inus or the N
-tenninus of the peptide/peptoid. T

ypically the C
-teim

inus or the N
-

term
inus is in such a case shielded by a protecting group (supra). 

In som
e em

bodim
ents the non-polar m

oiety includes a sequence of am
ino acids that is ar-

ranged in decreasing or increasing size. H
ence, a portion of the am

ino acids of the non-polar 

m
oiety m

ay be arranged in a general sequence of decreasing or increasing size. R
elative to the 

direction from
 N

- to C
-term

inus or from
 C

- to N
-term

inus this general sequence can thus be 

taken to be of decreasing size. B
y the term

 "general sequence" of decreasing or increasing 

size is m
eant that em

bodim
ents are included in w

hich adjacent am
ino acids are of about the 

sam
e size as long as there is a general decrease or increase in size. W

ithin a general sequence 

of decreasing size the size of adjacent am
ino acids of the non-polar m

oiety is accordingly 

identical or sm
aller in the direction of the general sequence of decreasing size. In som

e em
-

bodim
ents the general sequence of decreasing or increasing size is a non-repetitive sequence. 

A
s an illustrative exam

ple, w
here a respective portion of am

ino acids is a sequence of five 

am
ino acids, the first am

ino acid m
ay have a 3,4-dim

ethyl-hexyl side chain. T
he second am

i-

no acid m
ay have a neopentyl side chain. T

he third am
ino acid m

ay have a pentyl side chain. 

T
he fourth am

ino acid m
ay have a butyl side chain. T

he fifth am
ino acid m

ay be glycine, i.e. 

have no side chain. A
lthough a neopently and a pentyl side chain are of the sam

e size, the 

general sequence of such a non-polar peptide portion is decreasing in size. A
s a further illus-

trative exam
ple of a general sequence of decreasing size in a non-polar m

oiety the respective 

non-polar portion m
ay be a sequence of three am

ino acids. T
he first am

ino acid m
ay have an 

n-nonyl side chain. T
he second am

ino acid m
ay have a 3-ethyl-2-m

ethyl-pentyl side chain. 

T
he third am

ino acid m
ay have a tert-butyl side chain. A

s yet a further illustrative exam
ple of 

a general sequence of decreasing size in a non-polar m
oiety, the non-polar m

oiety m
ay be a 

sequence of nine am
ino acids. T

he first am
ino acid m

ay have a 4-propyl-nonyl side chain. 

T
he second am

ino acid m
ay have an n-dodecyl side chain. T

he third am
ino acid m

ay have a 

6,6-diethyl-3-octenyl side chain. A
n n-dodecyl side chain and a 6,6-diethyl-3-octenyl side 

chain both have 12 carbon atom
s and thus again have a com

parable size, N
evertheless, the 

6,6-diethyl-3-octenyl group includes an unsaturated carbon-carbon bond and is thus of slight-

ly sm
aller size than the dodecyl group. T

he fourth am
ino acid m

ay have a 2-m
ethyl-nonyl side 

chain. T
he fifth am

ino acid m
ay have a 3-propyl-hexyl side chain. T

he sixth am
ino acid m

ay 

have an n-hexyl side chain. T
he seventh am

ino acid m
ay have a 2-butynyl side chain. T

he 8th 



25 

am
ino acid m

ay have an isopropyl side chain. T
he ninth am

ino acid m
ay have a m

ethyl side 

chain. 

W
here a portion of the am

ino acids of the non-polar m
oiety arranged in a general sequence of 

decreasing (or increasing) size only contains naturally occurring am
ino acids (w

hether in the 

D
- or the L

-form
), it m

ay for exam
ple have a length of five am

ino acids, such as the sequence 

leucine-isoleucine-valine-alanine-glycine or isoleucine-leucine-valine-alanine-glycine, A
 gen-

eral sequence of decreasing size of only natural am
ino acids m

ay also have a length of four 

am
ino acids. Illustrative exam

ples include the sequences isoleucine-leucine-valine-alanine, 

leucine-isoleucine-valine-alanine, isoleucine-valine-alanine-glycine, leueine-valine-alanine-

glycine, leucine-isoleucine-alanine-glycine, leucine-isoleucine-valine-glycine, isoleucine-

leucine-alanine-glycine or isoleucine-leucine-valine-glycine. A
 general sequence of decreas-

ing size of only natural am
ino acids m

ay also have a length of three am
ino acids. Illustrative 

exam
ples include the sequences isoleucine-valine-alanine, leucine-valine-alanine, isoleucine-

valine-glycine, leucine-valine-glycine, leucine-alanine-glycine, isoleucine-alanine-glycine or 

isoleucine-leucine-alanine. A
 general sequence of decreasing size of only natural am

ino acids 

m
ay also have a length of tw

o am
ino acids. Illustrative exam

ples include the sequences iso-

leucine-valine, leucine-valine, isoleucine-alanine, leucine-alanine, leucine-glycine, isoleucine-

glycine, valine-alanine, valine-glycine or alanine-glycine. 

In som
e em

bodim
ents the direction of decreasing size of the above defined general sequence 

of decreasing size is the direction tow
ard the polar m

oiety of the am
phiphilic linear sequence. 

A
ccordingly, in such em

bodim
ents the size of adjacent am

ino acids w
ithin this portion of the 

non-polar m
oiety is accordingly identical or sm

aller in the direction of the polar m
oiety. 

H
ence, as a general trend in such an em

bodim
ent, the closer to the polar m

oiety of the am
-

phiphilic linear sequence, the sm
aller is the overall size of a peptide and/or peptoid side chain 

throughout the respective general sequence of decreasing size. In the above illustrative exam
-

ple of a general sequence of three am
ino acids w

ith a n-nonyl, a 3-ethyl-2-m
ethyl-pentyl and a 

tert-butyl side chain, the next am
ino acid m

ay be polar in that it carries a peptide/peptoid side 

chain w
ith a polar functional group. A

s an illustrative exam
ple, adjacent to the tert-butyl side 

chain w
ithin the peptide/peptoid there m

ay be a 3-carboxy-n-butyl side chain. 

In som
e em

bodim
ents the entire non-polar m

oiety of the am
phiphilic linear peptide and/or 

peptoid or the am
phiphilic linear sequence, respectively, consists of the general sequence of 

decreasing (or increasing) size. In such an em
bodim

ent the general sequence of decreasing (or 

increasing) size m
ay have a length of n-m

 am
ino acids (cf. above). In som

e em
bodim

ents the 
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general sequence of decreasing or increasing size is flanked by further non-polar side chains 

of the peptide/peptoid. In one em
bodim

ent the general sequence of decreasing (or increasing) 

size has a length of n-n2-1 am
ino acids. In this em

bodim
ent there is one further am

ino acid 

included in the peptide/peptoid, providing a non-polar peptide/peptoid side chain. T
his am

ino 

acid m
ay be positioned betw

een the general sequence of decreasing (or increasing) size and 

the polar am
ino acid, the polar am

ino acid m
ay be positioned betw

een this additional non-

polar am
ino acid and the general sequence of decreasing (or increasing) size or the general 

sequence of decreasing (or increasing) size m
ay be positioned betw

een the polar am
ino acid 

and this additional non-polar am
ino acid. T

ypically the general sequence of decreasing (or 

increasing) size is positioned betw
een the polar am

ino acid and this additional non-polar am
i-

no acid. T
he additional non-polar am

ino acid m
ay for exam

ple define the N
-term

inus of the 

peptide/peptoid, w
hich m

ay be shielded by a protecting group such as an am
ide, e.g. a propi-

onic acyl or an acetyl group. T
ogether w

ith the general sequence of decreasing (or increasing) 

size as defined above it m
ay define the non-polar portion of the peptide/peptoid. T

he polar 

am
ino acid m

ay define the C
-term

inus of the peptide/peptoid. In this exam
ple the general se-

quence of decreasing (or increasing) size is thus flanked by the polar am
ino acid on one side 

and by the additional non-polar am
ino acid on the other side. In one em

bodim
ent w

here em
-

bodim
ent the general sequence of decreasing (or increasing) size has a length of n-m

-I am
ino 

acids, the rem
aining non-polar am

ino acid of the non-polar m
oiety of n-m

 am
ino acids is one 

of alanine and glycine. 

A
s explained above, the polar m

oiety of the am
phiphilic linear sequence m

ay in som
e em

bod-

im
ents be defined by tw

o or three consecutive am
ino acids. T

he polar m
oiety includes in ali-

phatic am
ino acids. E

ach of the m
 aliphatic am

ino acids is independently selected and carries 

an independently selected polar group. T
he sym

bol m
 represents an integer selected from

 1, 2 

and 3. T
he at least essentially non-polar m

oiety (supra) accordingly has a num
ber of n-m

, i.e. 

n-1, n-2 or n-3am
ino acids. In som

e em
bodim

ents n is equal to or larger than m
 ±

 2. In such 

an em
bodim

ent in m
ay thus represent a num

ber of n-2 or sm
aller. 

In an em
bodim

ent w
here the entire non-polar m

oiety of the am
phiphilic linear peptide and/or 

peptoid consists of the general sequence of decreasing (or increasing) size (supra), this non-

polar m
oiety m

ay thus have a length of n-2 or n-3 am
ino acids. In an em

bodim
ent w

here the 

am
phiphilic linear peptide and/or peptoid has a further non-polar side chain in addition to the 

non-polar m
oiety of decreasing (or increasing) size, this additional non-polar side chain m

ay 

be included in an am
ino acid that is directly bonded to an am

ino acid of the general sequence 

of decreasing (or increasing) size. T
he non-polar m

oiety m
ay thus be defined by the non-polar 
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m
oiety of decreasing (or increasing) size and the respective further am

ino acid w
ith a non-

polar side chain. In one such an em
bodim

ent w
here 

III 
=

 1, the non-polar m
oiety m

ay thus 

have a length of n-2 am
ino acids, of w

hich the non-polar m
oiety of decreasing (or increasing) 

size has a length of n-3 am
ino acids. T

he general sequence of decreasing (or increasing) size 

m
ay be positioned betw

een the tw
o polar am

ino acids and this additional non-polar am
ino 

acid, or the additional non-polar am
ino acid m

ay be positioned betw
een the general sequence 

of decreasing (or increasing) size and the tw
o polar am

ino acids. T
ypically the general se-

quence of decreasing (or increasing) size is positioned betw
een the tw

o polar am
ino acids and 

this additional non-polar am
ino acid. A

s m
entioned above, one of the tw

o polar am
ino acids 

m
ay define the C

-term
inus of the peptide/peptoid. In this exam

ple the general sequence of 

decreasing (or increasing) size m
ay thus be flanked by the tw

o consecutive polar am
ino acids 

on one side and by the additional non-polar am
ino acid on the other side. A

gain, in som
e em

-

bodim
ents w

here m
 =

 1 the tw
o consecutive polar am

ino acids m
ay also be positioned be-

tw
een the general sequence of decreasing (or increasing) size and the additional non-polar 

am
ino acid, in w

hich case the non-polar m
oiety has a first portion w

ith a length of n-3 am
ino 

acids and a further portion of one am
ino acid. 

E
lectrostatic forces, hydrogen bonding and van der W

aals forces betw
een am

phiphilic linear 

sequences as defined above, including am
phiphilic linear peptides and/or peptoids, result in 

these am
phiphilic linear sequences to be coupled to each other. W

ithout being bound by theo-

ry, thereby a cross-linking effect occurs that allow
s the form

ation of a hydrogel. In this regard 

the inventors have observed the form
ation of fibers based on helical structures. 

T
he fibers form

ed of am
phiphilic linear sequences of am

phiphilic peptides and/or peptoids of 

an em
bodim

ent of the invention typically show
 high m

echanical strength, w
hich renders them

 

particularly useful in tissue regeneration applications, for instance the replacem
ent of dam

-

aged tissue. A
m

phiphilic peptides and/or peptoids of an em
bodim

ent of the invention have 

been observed to generally assem
le into a fiber structure that resem

bles collagen fibers. C
ol-

lagen, a com
ponent of soft tissue in the anim

al and hum
an body, is a fibrous protein that pro-

vides m
ost of the tensile strength of tissue. T

he m
echanical strength of fibers of am

phiphilic 

peptides and/or peptoids of an em
bodim

ent of the invention has been found to typically be 

m
uch higher than that of collagen (cf. e.g. F

igures) of gelatine, the hydrolysed form
 of colla-

gen. A
n am

phiphilic peptide and/or peptoid of an em
bodim

ent of the invention m
ay thus be 

included in a hydrogel that is used as perm
anent or tem

porary prosthetic replacem
ent for 

dam
aged or diseased tissue. 
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T
he am

phiphilic linear sequence of the peptide/peptoid, w
hich m

ay represent the entire am
-

phiphilic peptide/peptoid (supra) has been found to show
 rem

arkable stability at physiological 

conditions, even at elevated tem
peratures. It is in som

e em
bodim

ents stable in aqueous solu-

tion at physiological conditions at am
bient tem

perature for a period of tim
e in the range from

 

1 day to 1 m
onth or m

ore. It m
ay in som

e em
bodim

ents be stable in aqueous solution at phys-

iological conditions at 90 °C
 for at least 1 hour, at least 2 hours, at least 3 hours, at least 4 

hours or at least 5 hours. 

A
n am

phiphilic linear sequence of an am
phiphilic peptide and/or peptoid of an em

bodim
ent 

of the invention, including an am
phiphilic linear peptide and/or peptoid, is capable of provid-

ing a self assem
bling a-helical fiber in aqueous solution under physiological conditions. T

he 

peptides/peptoids (typically 3-7-m
ers) in the L

- or D
-foim

 can self assem
ble into supram

olec-

ular helical fibers w
hich are organized into m

esh-like structures m
im

icking biological sub-

stances such as collagen. It has previously been observed in X
-ray crystallography that pep-

tides of a length of 3 to 6 am
ino acids w

ith repetitive alanine containing sequences and an 

acetylated C
-term

inus take a. helical confounation (H
atakeyam

a, Y
, et al, A

ngew
. C

hem
. Int. 

E
d. (2009) 8695-8698). U

sing peptides w
ith an am

phiphilic sequence of an em
bodim

ent of 

the invention, A
cL

D
6 (L

), the form
ation of aggregates has for exam

ple been observed already 

at 0.1 m
g/m

l. A
s the concentration of peptide is increased to 1 m

g/rnl, the peptide m
onom

ers 

w
ere found to align to form

 fibrous structures. W
ith a form

ation of fibers occurring under 

physiological conditions at concentrations below
 2 m

M
 a peptide/peptoid of an em

bodim
ent 

of the invention is w
ell suited as an injectable hydrogel m

aterial that can form
 a hydrogel un-

der physiological conditions. A
n em

bodim
ent of the invention thus also relates to an am

-

phiphilic linear peptide and/or peptoid as defined above for tissue engineering as w
ell as to a 

tissue engineering m
ethod that involves applying, including injecting a respective am

phiphilic 

linear peptide and/or peptoid. 

A
 hydrogel according to an em

bodim
ent of the present invention is typically characterized by 

a rem
arkable rigidity and are generally biocom

patible and non-toxic. D
epending on the se-

lected peptide/peptoid sequence these hydrogels can show
 thernioresponsive or thixotropic 

character. R
eliant on the peptide/peptoid assem

bling conditions the fibers differ in thickness 

and length. G
enerally rigid hydrogels are obtained that are w

ell suited for cultivation of a va-

riety of prim
ary hum

an cells, providing peptide/peptoid scaffolds that can be useful in the 

repair and replacem
ent of various tissues. D

isclosed is also a process of preparing these by-

drogels. T
he exem

plary usage of these hydrogels in applications such as cell culture, tissue 

engineering, plastic surgery, drug delivery, oral applications, cosm
etics, packaging and the 
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like is described, as w
ell as for technical applications, as for exam

ple for use in electronic 

devices w
hich m

ight include solar or fuel cells. 

A
s an am

phiphilic linear sequence of the peptide/peptoid, a hydrogel of an em
bodim

ent of the 

invention show
s high stability at physiological conditions, even at elevated tem

peratures. In 

som
e em

bodim
ents such a hydrogel is stable in aqueous solution at am

bient tem
perature for a 

period of at least 7 days, at least 14 days, at least a m
onth or m

ore, such as at least 1 to about 

6 m
onths. 

In som
e em

bodim
ents a hydrogel disclosed herein is coupled to a m

olecule or a particle, in-

cluding a quantum
 dot, w

ith characteristic spectral or fluorom
etric properties, such as a m

ark-

er, including a fluorescent dye. A
 respective m

olecule m
ay for instance allow

 m
onitoring the 

fate, position and/or the integrity of the hydrogel. 

In som
e em

bodim
ents a hydrogel disclosed herein is coupled to a m

olecule w
ith binding af-

finity for a selected target m
olecule, such as a m

icroorganism
, a virus particle, a peptide, a 

peptoid, a protein, a nucleic acid, a peptide, an oligosaccharide, a polysaccharide, an inorganic 

m
olecule, a synthetic polym

er, a sm
all organic m

olecule or a drug. 

T
he term

 "nucleic acid m
olecule" as used herein refers to any nucleic acid in any possible 

configuration, such as single stranded, double stranded or a com
bination thereof. N

ucleic ac-

ids include for instance D
N

A
 m

olecules (e.g., cD
N

A
 or genom

ic D
N

A
), R

N
A

 m
olecules 

(e.g., m
R

N
A

), analogues of the D
N

A
 or R

N
A

 generated using nucleotide analogues or using 

nucleic acid chem
istry, locked nucleic acid m

olecules (L
N

A
), and protein nucleic acids m

ole-

cules (P
N

A
). D

N
A

 or R
N

A
 m

ay be of genom
ic or synthetic origin and m

ay be single or dou-

ble stranded. In the present m
ethod of an em

bodim
ent of the invention typically, but not nec-

essarily, an R
N

A
 or a D

N
A

 m
olecule w

ill be used. S
uch nucleic acid can be e.g. m

R
N

A
, 

cR
N

A
, synthetic R

N
A

, genom
ic D

N
A

, cD
N

A
 synthetic D

N
A

, a copolym
er of D

N
A

 and 

R
N

A
, oligonucleotides, etc. A

 respective nucleic acid m
ay furtherm

ore contain non-natural 

nucleotide analogues and/or be linked to an affinity tag or a label. In som
e em

bodim
ents the 

nucleic acid m
olecule m

ay be isolated, enriched, or purified. T
he nucleic acid m

olecule m
ay 

for instance be isolated from
 a natural source by cD

N
A

 cloning or by subtractive hybridiza-

tion. T
he natural source m

ay be m
am

m
alian, such as hum

an, blood, sem
en, or tissue. T

he nu-

cleic acid m
ay also be synthesized, e.g. by the triester m

ethod or by using an autom
ated D

N
A

 

synthesizer. 
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M
any nucleotide analogues are know

n and can be used in nucleic acids and oligonucleotides 

used in the m
ethods of exem

plary em
bodim

ents of the invention. A
 nucleotide analogue is a 

nucleotide containing a m
odification at for instance the base, sugar, or phosphate m

oieties. 

M
odifications at the base m

oiety include natural and synthetic m
odifications of A

, C
, G

, and 

T
/U

, different purine or pyrim
idine bases, such as uracil-5-yl, hypoxanthin-9-yl, and 2-

am
inoadenin-9-yl, as w

ell as non-purine or non-pyrim
idine nucleotide bases. O

ther nucleotide 

analogues serve as universal bases. U
niversal bases include 3-nitropyrrole and 5-nitroindole. 

U
niversal bases are able to form

 a base pair w
ith any other base. B

ase m
odifications often can 

be com
bined w

ith for exam
ple a sugar m

odification, such as for instance 2L
0-m

ethoxyethyl, 

e.g. to achieve unique properties such as increased duplex stability. 

A
 peptide m

ay be of synthetic origin or isolated from
 a natural source by m

ethods w
ell-

know
n in the art. T

he natural source m
ay be m

am
m

alian, such as hum
an, blood, sem

en, or 

tissue. A
 peptide, including a polypeptide m

ay for instance be synthesized using an autom
ated 

polypeptide synthesizer. Illustrative exam
ples of polypeptides are an antibody, a fragm

ent 

thereof and a proteinaceous binding m
olecule w

ith antibody-like functions. E
xam

ples of (re-

com
binant) antibody fragm

ents are F
ab fragm

ents, F
v fragm

ents, single-chain F
v fragm

ents 

(say), diabodies, triabodies (Iliades, P
., et al., F

E
B

S
 L

ett (1997) 409, 437-441), decabodies 

(S
tone, E

., et al., Journal of Im
m

unological M
ethods (2007) 318, 88-94) and other dom

ain 

antibodies (H
olt, L

.J., et al., T
rends B

iotechnol. (2003), 21, 11, 484-490). A
n exam

ple of a 

proteinaceous binding m
olecule w

ith antibody-like functions is a m
utein based on a polypep-

tide of the lipocalin fam
ily (W

O
 03/029462, B

este et al., P
roc. N

atl. A
cad. S

ci. U
.S

.A
. (1999) 

96, 1898-1903). L
ipocalins, such as the bilm

 binding protein, the hum
an neutrophil gelati-

nase-associated lipocalin, hum
an A

polipoprotein D
 or glycodelin, posses natural ligand-

binding sites that can be m
odified so that they bind to selected sm

all protein regions know
n as 

haptens. E
xam

ples of other proteinaceous binding m
olecules are the so-called glubodies (see 

e.g. internation patent application W
O

 96/23879), proteins based on the ankyrin scaffold 

(M
osavi, L

.K
., et al., P

rotein S
cience (2004) 13, 6, 1435-1448) or crystalline scaffold (e.g. 

internation patent application W
O

 01/04144) the proteins described in S
kein, J. M

ol. R
ecog-

nit. (2000) 13, 167-187, A
dN

ectins, tetranectins and avim
ers. A

vim
ers contain so called A

-

dom
ains that occur as strings of m

ultiple dom
ains in several cell surface receptors (S

ilverm
an, 

J., et al., N
ature B

iotechnology (2005) 23, 1556-1561). A
dnectins, derived from

 a dom
ain of 

hum
an fibronectin, contain three loops that can be engineered for im

m
unoglobtalin-like bind-

ing to targets (G
ill, D

.S
. &

 D
am

le, N
.K

., C
urrent O

pinion in B
iotechnology (2006) 17, 653- 
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658). T
etranectins, derived from

 the respective hum
an hom

otrim
eric protein, likew

ise contain 

loop regions in a C
-type lectin dom

ain that can be engineered for desired binding (ibid.). 

W
here desired, a m

odifying agent m
ay be used that further increases the affinity of the re-

spective m
oiety for any or a certain form

, class etc. of target m
atter. 

A
n exam

ple of a nucleic acid m
olecule w

ith antibody-like functions is an aptam
er. A

n ap-

tam
er folds into a defined three-dim

ensional m
otif and show

s high affinity for a given target 

structure. U
sing standard techniques of the art such as solid-phase synthesis an aptam

er w
ith 

affinity to a certain, target can accordingly be form
ed and im

m
obilized on a hollow

 particle of 

an em
bodim

ent of the invention. 

A
s a further illustrative exam

ple, a linking m
oiety such as an affinity tag m

ay be used to im
-

m
obilise the respective m

olecule. S
uch a linking m

oiety m
ay be a m

olecule, e.g. a hydrocar-

bon-based (including polym
eric) m

olecule that includes nitrogen-, phosphorus-, sulphur-, 

carben-, halogen- or pseudohalogen groups, or a portion thereof. A
s an illustrative exam

ple, 

the peptide/peptoid included in the hydrogel m
ay include functional groups, for instance on a 

side chain of the peptide/peptoid, that allow
 for the covalent attachm

ent of a biom
olecule, for 

exam
ple a m

olecule such as a protein, a nucleic acid m
olecule, a polysaccharide or any com

-

bination thereof. A
 respective functional group m

ay be provided in shielded fonn, protected 

by a protecting group that can be released under desired conditions. E
xam

ples of a respective 

functional group include, but are not lim
ited to, an am

ino group, an aldehyde group, a thiol 

group, a carboxy group, an ester, an anhydride, a sulphonate, a sulphonate ester, an im
ido 

ester, a silyl halide, an epoxide, an aziridine, a phosphoram
idite and a diazoalkane. 

E
xam

ples of an affinity tag include, but are not lim
ited to, biotin, dinitrophenol or digoxigen-

in, oligohistidine, polyhistidine, an im
m

unoglobulin dom
ain, m

altose-binding protein, gluta-

thione-S
-transferase (G

S
T

), calm
odulin binding peptide (C

B
P

), F
L

A
G

'-peptide, the T
7 

epitope (A
la-S

er-M
et-T

hr-G
ly-G

ly-G
ln-G

ln-M
et-G

ly), m
altose binding protein (M

B
P

), the 

H
S

V
 epitope of the sequence G

ln-P
ro-G

lu-L
eu-A

la-P
ro-G

lu-A
sp-P

ro-G
lu-A

sp of herpes sim
-

plex virus glycoprotein D
, the hem

agglutinin (H
A

) epitope of the sequence T
yr-P

ro-T
yr-A

sp-

V
al-P

ro-A
sp-T

yr-A
la, the "m

yc" epitope of the transcription factor c-m
yc of the sequence 

G
lu-G

ln-L
ys-L

eu-Ile-S
er-G

lu-G
lu-A

sp-L
eu, or an oligonucleotide tag. S

uch an oligonucleo-

tide tag m
ay for instance be used to hybridise to an im

m
obilised oligonucleotide w

ith a com
-

plem
entary sequence. A

 further exam
ple of a linking m

oiety is an antibody, a fragm
ent there-

of or a proteinaceous binding m
olecule w

ith antibody-like functions (see also above). 
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A
 further exam

ple of linking m
oiety is a cucurbituril or a m

oiety capable of form
ing a com

-

plex w
ith a cucurbituril. A

 cucurbituril is a m
acrocyclic com

pound that includes glycoluril 

units, typically self-assem
bled from

 an acid catalyzed condensation reaction of glycoluril and 

form
aldehyde. A

 cucurbit[n]uril, (C
B

[n]), that includes n glycoluril units, typically has tw
o 

portals w
ith polar ureido carbonyl groups. V

ia these ureido carbonyl groups cucurbiturils can 

bind ions and m
olecules of interest. A

s an illustrative exam
ple cucurbit[T

hril (C
B

[7]) can 

form
 a strong com

plex w
ith ferrocenem

ethylam
m

onium
 or adam

antylam
m

oniurn ions. E
ither 

the cucurbit[7]uril or e.g. ferrocenem
ethylam

m
onium

 m
ay be attached to a biom

olecule, 

w
hile the rem

aining binding partner (e.g. ferrocenem
ethylam

m
onium

 or cucurbit[n]uril re-

spectively) can be bound to a selected surface. C
ontacting the biom

olecule w
ith the surface 

w
ill then lead to an im

m
obilisation of the biom

olecule. F
unctionalised C

B
 [7] units bound to a 

gold surface via alkanethiolates have for instance been show
n to cause an im

m
obilisation of a 

protein carrying a ferrocenem
ethylam

m
onium

 unit (H
w

ang, I., et al., J. A
m

. C
hem

. S
oc. 

(2007) 129, 4170-4171). 

F
urther exam

ples of a linking m
oiety include, but are not lim

ited to an oligosaccharide, an 

oligopeptide, biotin, dinitrophenol, digoxigenin and a m
etal chelator (cf. also below

). A
s an 

illustrative exam
ple, a respective m

etal chelator, such as ethylenediam
ine, ethylenediam

ine-

tetraaretic acid (E
D

T
A

), ethylene glycol tetraacetic acid (E
G

T
A

), diethylenetriam
inepent-

aacetic acid (D
T

P
A

), N
,N

-bis(carboxym
ethyl)glycine (also called nitrilotriacetic acid, N

T
A

), 

1,2-bis(o-am
inophenoxy)ethane-N

,N
,N

cN
ttetraacetic acid (B

A
P

T
A

), 2,3-dim
ercapto-l-

propanol (dim
ercaprol), porphine or hem

e m
ay be used in cases w

here the target m
olecule is a 

m
etal ion. A

s an exam
ple, E

D
T

A
 form

s a com
plex w

ith m
ost m

onovalent, divalent, trivalent 

and tetravalent m
etal ions, such as e.g. silver (A

O
, calcium

 (C
a2+), m

anganese (M
n2+), cop-

per (E
 

2+), iron (F
en, cobalt (C

on and zirconium
 (Z

r4+), w
hile B

A
P

T
A

 is specific for C
a2±. 

In som
e em

bodim
ents a respective m

etal chelator in a com
plex w

ith a respective m
etal ion or 

m
etal ions defines the linking m

oiety. S
uch a com

plex is for exam
ple a receptor m

olecule for 

a peptide of a defined sequence, w
hich m

ay also be included in a protein. A
s an illustrative 

exam
ple, a standard m

ethod used in the art is the form
ation of a com

plex betw
een an oligohis-

tidine tag and copper (C
un, nickel (N

in, cobalt (C
o24), or zink (Z

nn ions, w
hich are pre-

sented by m
eans of the chelator nitrilotriacetic acid (N

T
A

). 

A
vidin or streptavidin m

ay for instance be em
ployed to im

m
obilise a biotinylated nucleic ac-

id, or a biotin containing m
onolayer of gold m

ay be em
ployed (S

hum
aker-P

arry, L
S

., et al., 

A
nal. C

hem
. (2004) 76, 918). A

s yet another illustrative exam
ple, the biom

olecule m
ay be 
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locally deposited, e.g. by scanning electrochem
ical m

icroscopy, for instance via pyrrole-

oligonucleotide patterns (e.g. Fortin, E
., et al., E

lectroanalysis (2005) 17, 495). In other em
bod-

im
ents, in particular w

here the biom
olecule is a nucleic acid, the biom

olecule m
ay be directly 

synthesised on the surface of the im
m

obilisation unit, for exam
ple using photoactivation and 

deactivation. A
s an illustrative exam

ple, the synthesis of nucleic acids or oligonucleotides on 

selected surface areas (so called "solid phase" synthesis) m
ay be carried out using electro-

chem
ical reactions using electrodes. A

n electrochem
ical deblocking step as described by E

ge-

land &
 S

outhern (N
ucleic A

cids R
esearch (2005) 33, 14, el25) m

ay for instance be em
ployed 

for this purpose. A
 suitable electrochem

ical synthesis has also been disclosed in U
S

 patent 

application U
S

 2006/0275927. In som
e em

bodim
ents light-directed synthesis of a biom

ole-

cule, in particular of a nucleic acid m
olecule, including U

V
-linking or light dependent 5'-

deprotection, m
ay be carried out. 

T
he m

olecule that has a binding affinity for a selected target m
olecule m

ay be im
m

obilised on 

the nanocrystals by any m
eans. A

s an illustrative exam
ple, an oligo- or polypeptide, including 

a respective m
oiety, m

ay be covalently linked to the stn-face of nanocrystals via a thio-ether-

bond, for exam
ple by using o) functionalized thiols. A

ny suitable m
olecule that is capable of 

linking a nanocrystal of an em
bodim

ent of the invention to a m
olecule having a selected bind-

ing affinity m
ay be used to im

m
obilise the sam

e on a nanocrystal. F
or instance a (bifunction-

al) linking agent such as ethyl-3-dim
ethylam

inocarbodiim
ide, N

-(3-am
inopropyl) 3-m

ercapto-

b
en

zam
id

e, 3
-am

in
o
p
ro

p
y
l-trim

eth
o
x
y
silan

e, 3
-m

ercap
to

p
ro

p
y
l-tfim

eth
o
x
y
silan

e, 3
-

(trim
ethoxysilyl) propyl-m

aleim
ide, or 3-(trim

ethoxysily1) propyl-hydrazide m
ay be used. 

P
rior to reaction w

ith the linking agent, the surface of the nanocrystals can be m
odified, for 

exam
ple by treatm

ent w
ith glacial m

ercaptoacetic acid, in order to generate free m
ercaptoace-

tic groups w
hich can then em

ployed for covalently coupling w
ith an analyte binding partner 

via linking agents. 

E
m

bodim
ents of the present invention also include a hydrogel, w

hich can be taken to be a 

w
ater-sw

ollen w
ater-insoluble polym

eric m
aterial. T

he hydrogel includes, including contains 

and consists of, a peptide and/or peptoid as defined above. S
ince a hydrogel m

aintains a three-

dim
ensional structure, a hydogel of an em

bodim
ent of the invention m

ay be used for a variety 

of applications. S
ince the hydrogel has a high w

ater content and includes am
ino acids, it is 

typically of excellent biocom
patibility. 
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A
 h

y
d
ro

g
el acco

rd
in

g
 to

 an
 em

b
o
d
im

en
t o

f th
e in

v
en

tio
n
 is ty

p
ically

 fo
rm

ed
 b

y
 self=

 

assem
bly. T

he inventors have observed that the peptides/peptoids assem
ble into fibers that 

form
 m

esh-like structures. W
ithout being bound by theory hydrophobic interaction betw

een 

non-polar portions of peptides/peptoids of an em
bodim

ent of the invention are contem
plated 

to assist such self-assem
bly process. 

T
he m

ethod of form
ing the hydrogel includes dissolving the peptide/peptoid in aqueous solu-

tion. A
gitation, including m

ixing such as stirring, and/or sonication m
ay be em

ployed to facil-

itate dissolving the peptide/peptoid. In som
e em

bodim
ents the aqueous solution w

ith the pep-

tide/peptoid therein is exposed to a tem
perature below

 am
bient tem

perature, such as a tem
per-

ature selected from
 about 2 °C

 to about 15 °C
. In som

e em
bodim

ents the aqueous solution 

w
ith the peptide/peptoid therein is exposed to an elevated tem

perature, i.e. a tem
perature 

above am
bient tem

perature. T
ypically the aqueous solution is allow

ed to attain the tem
pera-

ture to w
hich it is exposed. T

he aqueous solution m
ay for exam

ple be exposed to a tem
pera-

ture from
 about 25 °C

 to about 85 °C
 or higher, such as from

 about 25 °C
 to about 75 °C

, 

from
 about 25 °C

 to about 70 °C
, from

 about 30 °C
 to about 70 °C

, from
 about 35 °C

 to about 

70 °C
, from

 about 25 °C
 to about 60 °C

, from
 about 30 °C

 to about 60 °C
, from

 about 25 °C
 

to about 50 °C
, from

 about 30 °C
 to about 50 °C

 or from
 about 40 °C

 to about 65 °C
, such as 

e.g. a tem
perature of about 40 °C

, about 45 'C
, about 50 00, about 55 °C

, about 60 °C
 or 

about 65 °C
. T

he aqueous solution w
ith the peptide/peptoid therein m

ay be m
aintained at this 

tem
perature for a period of about 5 m

in to about 10 hours or m
ore, such as about 10 m

in to 

about 6 hours, about 10 m
in to about 4 hours, about 10 m

in to about 2.5 hours, about 5 m
in to 

about 2.5 hours, about 10 m
in to about 1.5 hours or about 10 m

in to about 1 hour, such as 

about 15 m
in, about 20 m

in, about 25 m
in, about 30 m

in, about 35 m
in or about 40 m

in. 

A
 hydrogel according to an em

bodim
ent of the invention m

ay be included in a fuel cell, 

w
here it m

ay for exam
ple provide a substrate betw

een the anode and the cathode. a liquid 

electrolyte m
ay be encom

passed by the hydrogel. L
ikew

ise, a hydrogel according to an em
-

bodim
ent of the invention m

ay provide a substrate betw
een tw

o electrodes in an electrophore-

sis apparatus. T
he hydrogel m

ay also be conducting. T
he, hydrogel m

ay also serve in enhanc-

ing the efficiency of charge-separated states and/or slow
ing dow

n charge recom
bination. T

he 

hydrogel m
ay thus be applied in any form

 photovoltaics, including a solar cell. 

In som
e em

bodim
ents a hydrogel disclosed herein is a biocom

patible, including a pharm
a-

ceutically acceptable hydrogel. T
he term

 "biocom
patible" (w

hich also can be referred to as 

"tissue com
patible"), as used herein, is a hydrogel that produces little if any adverse biological 
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response w
hen used in vivo. T

he term
 thus generally refers to the inability of a hydrogel to 

prom
ote a m

easurably adverse biological response in a cell, including in the body of an ani-

m
al, including a hum

an. A
 biocom

patible hydrogel can have one or m
ore of die follow

ing 

properties: non-toxic, non-m
utagenic, non-allergenic, non-carcinogenic, and/or non-irritating. 

A
 biocom

patible hydrogel, in the least, can be innocuous and tolerated by the respective cell 

and/or body. A
 biocom

patible hydrogel, by itself, m
ay also im

prove one or m
ore functions in 

the body. 

D
epending on the am

ino acids that are included in the peptide/peptoid that is included in a 

hydrogel, a respective hydrogel m
ay be biodegradable. A

 biodegradable hydrogel gradually 

disintegrates or is absorbed in vivo over a period of tim
e, e.g., w

ithin m
onths or years. D

isin-

tegration m
ay for instance occur via hydrolysis, m

ay be catalysed by an enzym
e and m

ay be 

assisted by conditions to w
hich the hydrogel is exposed in a hum

an or anim
al body, including 

a tissue, a blood vessel or a cell thereof. W
here a peptide is m

ade up entirely of natural am
ino 

acids, a respective peptide can usually be degraded by enzym
es of the hum

an/anim
al body. 

A
 hydrogel according to an em

bodim
ent of the invention m

ay also serve as a depot for a 

pharm
aceutically active com

pound such as a drug. A
 hydrogel according to an em

bodim
ent of 

the invention m
ay be designed to m

im
ic the natural extracellular m

atrix of an organism
 such 

as the hum
an or anim

al body. A
 fiber form

ed from
 the peptide/peptoid of an em

bodim
ent of 

the invention, including a respective hydrogel, m
ay serve as a biological scaffold. A

 hydrogel 

of an em
bodim

ent of the invention m
ay be included in an im

plant, in a contact lens or m
ay be 

used in tissue engineering. In one em
bodim

ent, the peptides consist typically of 3-7 am
ino 

acids and are able to self-assem
ble into com

plex fibrous scaffolds w
hich are seen as hydro-

gels, w
hen dissolved in w

ater or aqueous solution. T
hese hydrogels can retain w

ater up to 

99.9%
 and possess sufficiently high m

echanical strength. T
hus, these hydrogels can act as 

artificial substitutes for a variety of natural tissues w
ithout the risk of im

m
unogenicity. T

he 

hydrogels in accordance w
ith the present invention m

ay be used for cultivating suitable pri-

m
ary cells and thus establish an injectable cell-m

atrix com
pound in order to im

plant or reim
-

plant the new
ly form

ed cell-m
atrix in vivo. T

herefore, the hydrogels in accordance w
ith the 

present invention are particularly useful for tissue regeneration or tissue engineering applica-

tions. A
s used herein, a reference to an "im

plant" or "im
plantation" refers to uses and applica-

tions of/for surgical or arthroscopic im
plantation of a hydrogel-containing.device into a hu-

m
an or anim

al, e.g. m
am

m
alian, body or lim

b. A
rthroscopic techniques are taken herein as a 

subset of surgical techniques, and any reference to surgery, surgical, etc., includes arthroscop- 
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is techniques, m
ethods and devices. A

 surgical im
plant that includes a hydrogel according to 

an em
bodim

ent of the invention m
ay include a peptide and/or peptoid scaffold. T

his the pep-

tide and/or peptoid scaffold m
ay be defined by the respective hydrogel. A

 hydrogel of an em
-

bodim
ent of the invention m

ay also he included in a w
ound cover such as gauze or a sheet, 

serving in m
aintaining the w

ound in a m
oist state to prom

ote healing. 

D
epending on the am

ino acid sequence used in the peptide/peptoid the hydrogel m
ay be tem

-

perature-sensitive. It m
ay for instance have a low

er critical solution tem
perature or a tem

pera-

ture range corresponding to such low
er critical solution tem

perature, beyond w
hich the gel 

collapses as hydrogen bonds by w
ater m

olecules are released as w
ater m

olecules are released 

from
 the gel. 

T
he disclosed subject m

atter also provides im
proved chiral am

phiphilic natural-based pep-

tides and/or peptoids that assem
ble to peptide/peptoid hydrogels w

ith very favorable m
aterial 

properties. T
he advantage of these peptide/peptoid hydrogels is that they are accepted by a 

variety of different prim
ary hum

an cells, thus providing peptide scaffolds that can be useful in 

the repair and replacem
ent of various tissues. D

epending on the chirality of the peptide m
on-

om
er the character of the hydrogels can be designed to be m

ore stable and less prone to deg-

radation though still biocom
patible. 

A
 hydrogel and/ or a peptide/peptoid described herein can be adm

inistered to an organism
, 

including a hum
an patient per se, or in pharm

aceutical com
positions w

here it m
ay include or 

be m
ixed w

ith pharm
aceutically active ingredients or suitable carriers or excipient(s). T

ech-

niques for form
ulation and adm

inistration of respective hydrogels or peptides/peptoids resem
-

ble or are identical to those of low
 m

olecular w
eight com

pounds w
ell established in the art. 

E
xem

plary routes include, but are not lim
ited to, oral, transderm

al, and parenteral delivery. A
 

hydrogel or a peptide/peptoid m
ay be used to fill a capsule or tube, or m

ay he provided in 

com
pressed form

 as a pellet. T
he peptide/peptoid or the hydrogel m

ay also be used in injecta-

ble or sprayable form
, for instance as a suspension of a respective peptide/peptoid. 

A
 hydrogel of an em

bodim
ent of the invention m

ay for instance be applied onto the skin or 

onto a w
ound. F

urther suitable routes of adm
inistration m

ay, for exam
ple, include depot, oral, 

rectal, transrnucosal, or intestinal adm
inistration; parenteral delivery, including intram

uscular, 

subcutaneous, intravenous, intram
edullary injections, as w

ell as intrathecal, direct intra-

ventricular, intraperitoneal, intranasal, or inhaocular injections. It is noted in this regard that 

for adm
inistering m

icroparticles a surgical procedure is not required. W
here the m

icroparti- 
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Iles include a biodegradable polym
er there is no need for device rem

oval after release of the 

anti-cancer agent. N
evertheless the m

icroparticles m
ay be included in or on a scaffold, a coat-

ing, a patch, com
posite m

aterial, a gel or a plaster. 

In som
e em

bodim
ents one m

ay adm
inister a hydrogel and/or a peptide/peptoid in a local ra-

ther than system
ic m

anner, for exam
ple, via injection. 

P
harm

aceutical com
positions that include a hydrogel and/or a peptide/peptoid of an em

bodi-

m
ent of the present invention m

ay be m
anufactured in a m

anner that is itself know
n, e. g., by 

m
eans of conventional m

ixing, dissolving, granulating, dragee-m
aking, levigating, em

ulsify-

ing, encapsulating, entrapping or lyophilizing processes. 

P
harm

aceutical com
positions for use in accordance w

ith an em
bodim

ent of the present inven-

tion thus m
ay be form

ulated in conventional m
anner using one or m

ore physiologically ac-

ceptable carriers including excipients and auxiliaries that facilitate processing of the hydrogel 

and/or peptide/peptoid into preparations that can be used pharm
aceutically. P

roper form
ula-

tion is dependent upon the route of adm
inistration chosen. 

F
or injection, the peptide/peptoid of an em

bodim
ent of the invention m

ay be form
ulated in 

aqueous solutions, for instance in physiologically com
patible buffers such as H

anks's solu-

tion, R
ingefs solution, or physiological saline buffer. F

or transm
ucosal adm

inistration, pene-

trants appropriate to the barrier to be perm
eated are used in the form

ulation. S
uch penetrants 

are generally know
n in the art. 

F
or oral adm

inistration, the hydrogel and/or peptide/peptoid can be form
ulated readily by 

com
bining them

 w
ith pharm

aceutically acceptable carriers w
ell know

n in the art. S
uch carri-

ers enable the hydrogel and/or peptide/peptoid, as w
ell as a pharm

aceutically active com
-

pound, to be form
ulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, sus-

pensions and the like, for oral ingestion by a patient to be treated. P
harm

aceutical preparations 

for oral use can be obtained by adding a solid excipient, optionally grinding a resulting m
ix-

ture, and processing the m
ixture of granules, after adding suitable auxiliaries, if desired, to 

obtain tablets or dragee cores. S
uitable excipients are, in particular, fillers such as sugars, in-

cluding lactose, sucrose, m
annitol, or sorbitol; cellulose preparations such as, for exam

ple, 

m
aize starch, w

heat starch, rice starch, potato starch, gelatine, gum
 tragacanth, m

ethyl cellu-

lose, hydroxypropylm
ethyl-cellulose, sodium

 carboxym
ethylcellulose, and/or polyvinylpyr- 
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rolidone (P
V

P
). If desired, disintegrating agents m

ay be added, such as the cross-linked poly-

vinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium
 alginate. 

D
ragee cores are provided w

ith suitable coatings. F
or this purpose, concentrated sugar solu-

tions m
ay be used, w

hich m
ay optionally contain gum

 arabic, talc, polyvinyl pyrrolidone, car-

bopol gel, polyethylene glycol, and/or titanium
 dioxide, lacquer solutions, and suitable organ-

ic solvents or solvent m
ixtures. D

yestuffs or pigm
ents m

ay be added to the tablets or dragee 

coatings for identification or to characterize different com
binations of active com

pound doses. 

P
harm

aceutical preparations that can be used orally include push-fit capsules m
ade of gela-

tine, as w
ell as soft, sealed capsules m

ade of gelatine and a plasticizer, such as glycerol or 

sorbitol. T
he push-fit capsules can contain the active ingredients in adm

ixture w
ith filler such 

as lactose, binders such as starches, and/or lubricants such as talc or m
agnesium

 stearate and, 

optionally, stabilizers. In soft capsules, the peptides/peptoids m
ay be suspended in suitable 

liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabi-

lizers m
ay be added. A

ll form
ulations for oral adm

inistration should be in dosages suitable for 

such adm
inistration. F

or buccal adm
inistration, the com

positions m
ay take the form

 of tablets 

or lozenges form
ulated in conventional m

anner. 

T
he hydrogel and/or peptide/peptoid m

ay be form
ulated for parenteral adm

inistration by in-

jection, e.g., by intram
uscular injections or bolus injection or continuous infusion. F

orm
ula-

tions for injection m
ay be presented in unit dosage form

, e. g., in am
pules or in m

ulti-dose 

containers, w
ith an added preservative. T

he respective com
positions m

ay take such form
s as 

suspensions, solutions or em
ulsions in oily or aqueous vehicles, and m

ay contain form
ulatory 

agents such as suspending, stabilizing and/or dispersing agents. 

T
he hydrogel and/or peptide/peptoid m

ay be form
ulated for other drug delivery system

s like 

im
plants, or tranderm

al patches or stents. E
X

A
M

P
L

E
S

 

E
xperim

ents have been perform
ed to illustrate the technical aspects of exem

plary em
bodi-

m
ents of the present invention. T

he follow
ing exam

ples are described in the E
xperim

ental 

M
ethods and R

esults. T
he skilled artisan w

ill readily recognize that the exam
ples are intended 

to be illustrative and are not intended to lim
it the scope of the present invention. 

E
X

P
E

R
IM

E
N

T
A

L
 M

E
T

H
O

D
S

 A
N

D
 R

E
S

U
L

T
S
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P
eptides 

T
he peptide sequences w

ere designed to represent an am
phiphilic peptide structure containing 

a hydrophilic head group and a hydrophobic tail. T
he rationale for the peptides design w

as to 

create a peptide m
onom

er of decreasing size resem
bling a cone shaped structure. T

he hydro-

phobic tail differs by using different aliphatic am
ino acids. It is consisting of the follow

ing 

aliphatic am
ino acids such as glycine, alanine, valine, leucine and isoleucine and the hydro-

philic head group is consisting of one or tw
o polar or charged am

ino acids. T
he sequence or-

der of the hydrophobic tail differed by using different aliphatic am
ino acids. T

he peptides 

w
ere com

m
ercially synthesized from

 G
L

 B
iochem

, S
hanghai, C

hina. In order to verify the 

reproducibility of the peptide hydrogel-form
ing behavior peptides w

ere also synthesized from
 

other com
panies (B

iom
atik C

orp., A
naspec. Inc, U

S
A

). T
he peptides have a purity of equal or 

higher than 95%
 verified by H

igh-perform
ance liquid chrom

atography (H
P

L
C

) and m
ass 

spectrom
etry. T

he peptide stock solutions w
ere dissolved in w

ater at 5 to 10 m
g/m

l. M
ost of 

the peptides are acetylated at the N
-term

inus. 

Peptide-based hydrogel preparation. 

A
ll peptides (G

L
 B

iochem
, S

hanghai, C
hina, 98%

 purity) w
ere freshly prepared in order to 

avoid prem
ature peptide aggregation. T

he peptides w
ere dissolved in w

ater and left at room
 

tem
perature to foun hydrogels. D

epending on the peptide concentration, the self-assem
bly 

process occurred im
m

ediately, w
ithin hours or even w

ithin days (experim
ental tim

e fram
e for 

gelation). F
or higher peptide concentrations peptides w

ere dissolved in m
illiQ

 w
ater by vor-

texing. If a forced and accelerated hydrogel preparation w
as needed, the peptide solution w

as 

subjected to sonication in a w
ater bath (B

arnstead L
abline 9319 U

ltrasonicL
C

6O
H

). N
o sig-

nificant structural differences w
ere observed betw

een hydrogels produced via self-assem
bly 

and those w
hose assem

bly w
as facilitated by sonication. F

ew
 peptides form

ed hydrogels m
ore 

easily at elevated tem
peratures, i.e. at 50°C

. 

T
o study the effect of concentration variation, both A

cL
D

6  (L
) and A

cID
3 (L

) hydrogels w
ere 

prepared w
ith varying concentration as specified above. T

o study the effect of m
onovalent 

and divalent cations, A
cL

D
6  (L

) hydrogels w
ere prepared by dissolving peptide in 10, 50, 100 

and 150 m
M

 N
aC

l and C
aC

l2  solutions. F
E

S
E

M
 and rheology studies w

ere further perform
ed 

to characterize the m
orphology and strength of these hydrogels. 

P
reparation of gelatin and collagen gels: G

elatin (T
ype A

, G
1890; S

igm
a A

ldrich) hydrogels 

w
as prepared by first dissolving gelatin in m

illi Q
 w

ater by heating follow
ed by cooling till 
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the gelation w
as observed.. C

ollagen (T
ype I from

 bovine, A
dvanced B

iom
atrix, U

S
A

) w
as 

diluted w
ith P

B
S

 buffer to a concentration of 1.5 m
g/m

l and titrated to pH
 7.4 using 0.1M

 

N
aO

H
. G

elation w
as achieved by incubating the solution at 37°C

 for 1 hour. 

C
ircular dichroism

 (C
D

) spectroscopy 

S
econdary peptide structures w

ere analyzed by m
easuring ellipticity spectra using the A

viv 

C
ircular D

ichroism
 S

pectrom
eter, m

odel 410. C
D

 sam
ples w

ere prepared by diluting stock 

peptides solutions (5-10 m
g/m

1) in w
ater. T

he diluted peptide solutions w
ere filled in to a cu-

vette w
ith 1 m

m
 path length and spectra w

ere acquired. A
s a blank reference w

ater w
as used 

and the reference w
as subtracted from

 the raw
 data before m

olar ellipticity w
as calculated. 

T
he calculation w

as based on the form
ula: [0]? „ = G

obs x 11(10 L
en), w

here [O
]xnis the m

olar 

ellipticity at X
 in deg cm

2  d/m
ol, is the observed ellipticity atE

k in m
deg, L

 is the path length 

in cm
, c is the concentration of the peptide in M

, and n is the num
ber of am

ino acids in the 

peptide. S
econdary structure analysis w

as done using C
D

N
N

 softw
are. 

E
nvironm

ental S
canning E

lectron M
icroscopy (E

S
E

M
) 

S
am

ples w
ere placed onto a sam

ple holder of F
E

I Q
uanta 200 E

nvironm
ental S

canning E
lec-

tron M
icroscopy. T

he surface of interest w
as then exam

ined using accelerating voltage of 

10kV
 at a tem

perature of 4 °C
. 

F
ield E

m
ission S

canning E
lectron M

icroscopy (F
E

S
E

M
) 

S
am

ples w
ere frozen at -20°C

 and subsequently to -80°C
. F

rozen sam
ples w

ere further freeze 

dried. F
reeze dried sam

ples w
ere fixed onto a sam

ple holder using conductive tape and sput-

tered w
ith platinum

 from
 both the top and the sides in a JE

O
L

 JF
C

-1600 H
igh R

esolution 

S
putter C

oater. T
he coating current used w

as 30 m
A

 and the process lasted for 60 sec. T
he 

surface of interest w
as then exam

ined w
ith a JE

O
L

 JS
M

-7400F
 F

ield E
m

ission S
canning 

E
lectron M

icroscopy system
 using an accelerating voltage of 5-10 kV

. 

R
heological m

easurem
ents 

T
o determ

ine the viscoelastic properties of the peptide-based hydrogels, hydrogels w
ere sub-

jected to dynam
ic tim

e, strain and frequency sw
eep experim

ents using the A
R

E
S

-G
2 rheom

e-

ter (T
A

 Instrum
ents, P

iscataw
ay, N

J) w
ith the 25.0 m

m
 diam

eter titanium
 parallel plate ge-

om
etry and a 0.8 m

m
 gap distance. O

scillatory frequency study w
as perform

ed to com
pare the 
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strength of peptide based hydrogel w
ith varying concentration of peptides, or for peptide in 

presence of m
onovalent or divalent ions. O

scillatory frequency sw
eep studies w

ere perform
ed 

at 0.1-100 radls frequency and 0.1%
 strain at 25°C

 and 50°C
. 

[A
] A

c-L
D

6 
 

Peptide sequence: A
c-L

IV
A

G
D

-C
O

O
H

 

M
olecular w

eight: 629.56 

(1) T
em

perature sw
eep study for A

c-L
D

6  (L
): 

(a) T
he peptide m

ixture w
as then placed on rheom

eter low
er plate. F

ollow
ing param

eters 

w
ere optim

ized: 

G
ap betw

een tw
o plates: 1 m

m
 

S
train: 10 %

 

Frequency: 6.28 rad/sec 

T
em

perature scan: 4°C
 to 60°C

 

Sam
ple volum

e: 500 ul 

(2) Frequency sw
eep study for A

c-L
D

6  (L
): 

O
ptim

ized param
eter required to perform

 frequency sw
eep study 

G
ap betw

een tw
o plates: 0.8 m

m
 

Strain: 0.1 %
 

T
em

perature: 25 and 50°C
 

Sam
ple volum

e: 1m
l 

F
requency scan: 0.1 rad/sec to 100 rad/sec 

C
oncentration of A

c-L
D

-6 (L
) in hydrogel: 10 m

g/m
l 

(3) E
ffect of concentration variation of A

c-L
D

6  (L
) on gel strength: 

O
ptim

ized param
eters that are required to perform

 frequency sw
eep studies for m

easuring 

gel strength are as follow
s: 

G
ap betw

een tw
o plates: 0.8 m

m
 

Strain: 0.1 %
 

T
em

perature: 25 and 50°C
 

S
am

ple volum
e: lm

l 

F
requency scan: 0.1 rad/sec to 100 rad/sec 
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C
oncentrations of A

c-L
D

6  (L
) in hydrogels: 5 m

g/m
l, 10 m

g/m
l, 15 m

g/m
l and ,20 

m
g/m

l and 30m
g/m

1 in w
ater. 

(4) E
ffect of sodium

 chloride (N
aC

1) on the gel strength of A
c-L

D
6  (L

): 

E
ffect of sodium

 chloride on A
c-L

D
6  (L

) based hydrogels, w
ere studied by perform

ing a 

frequency sw
eep study on hydrogels prepared by dispersing 10 m

g of A
c-L

D
-6 (L

) in 

varying concentration of N
aC

1 solution for exam
ple 10m

M
, 50m

M
, 100m

M
 and 150m

M
 

of N
aC

1 solution using optim
ized procedure to form

 hydrogels. O
ptim

ized param
eter re-

quired to perform
 frequency sw

eep study to m
easure gel strength in presence of N

aC
1 are 

as follow
s: 

G
ap betw

een tw
o plates: 0.5 m

m
 and 0 8 m

m
 

Strain: 10 %
 and 0.1%

 respectively 

T
em

perature: 25°C
 and 50 °C

 

S
am

ple volum
e: lm

l 

F
requency scan: 0.1 rad/sec to 100 rad/sec 

C
oncentrations of N

aC
1 solutions used to prepare 10 m

g/m
l of A

c-L
D

-6 (L
) H

ydro- 

gels: 10m
M

, 50 m
M

, 100 m
M

, 150 m
M

 N
aC

1 solution. 

C
ell grow

th experim
ents 

In order to find out w
hether the peptide hydrogels can serve as a scaffold for tissue engineer-

ing, its biocom
patibility w

as investigated. D
ifferent prim

ary hum
an cells w

ere seeded on top 

of the hydrogel after its gelation in tissue culture m
edium

 (D
M

E
M

 w
ithout serum

) in 6-w
ell, 

24-w
ell or 96-w

ell culture plates, see the culture conditions below
. D

uring the next 2-4 days 

no change of m
edium

 w
as necessary, but eventually fresh m

edia w
as added to the w

ells. T
he 

cells w
ere analyzed for viability. 

P
rim

ary hum
an renal proxim

al tubule cells (fIP
T

C
s) and prim

ary hum
an um

bilical vein endo-

thelial cells (H
U

V
E

C
s) w

ere obtained from
 S

cienC
ell R

esearch L
aboratories (C

arlsbad, C
A

, 

U
S

A
). H

P
T

C
s w

ere cultivated in basal epithelial cell m
edium

 supplem
ented w

ith 2%
 fetal 

bovine serum
 (F

B
S

) and 1%
 epithelial cell grow

th supplem
ent (all com

ponents obtained from
 

S
cienC

ell R
esearch L

aboratories). T
he culture m

edium
 for H

U
V

E
C

s w
as endothelial cell m

e-

dium
 containing 5%

 F
B

S
 and 1%

 endothelial cell grow
th supplem

ent (S
cienC

ell R
esearch 

L
ab

o
rato

ries). A
ll cell cu

ltu
re m

ed
ia u

sed
 w

ere su
p

p
lem

en
ted

 w
ith

 1
%

 p
en

icil- 
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lin/streptom
ycin solution (S

cienC
ell R

esearch L
aboratories), and all cells w

ere cultivated at 

37°C
 in a 5%

 C
O

, atm
osphere. T

he seeding density of the cells w
as about 5 x 104  cells /cm

2. 

H
ow

ever since H
U

V
E

C
s are bigger than IIP

T
C

s the cell num
ber w

ould be slightly low
er than 

one for H
PT

C
 cells (—

 4.5 x 104  cells /cm
2). B

oth cell types had a continency of about 80%
 in 

the w
ells after seeding. 

T
he listing or discussion of a previously published docum

ent in this specification should not 

necessarily be taken as an acknow
ledgem

ent that the docum
ent is part of the state of the art or 

is com
m

on general know
ledge. A

ll docum
ents listed are hereby incorporated herein by refer-

ence in their entirety for all purposes. 

E
xem

plary em
bodim

ents of the invention illustratively described herein m
ay suitably be prac-

ticed in the absence of any elem
ent or elem

ents, lim
itation or lim

itations, not specifically dis-

closed herein. T
hus, for exam

ple, the term
s "com

prising", "including," containing", etc. shall 

be read expansively and w
ithout lim

itation. A
dditionally, the M

im
s and expressions em

ployed 

herein have been used as term
s of description and not of lim

itation, and there is no intention 

in the use of such term
s and expressions of excluding any equivalents of the features show

n 

and described or portions thereof, but it is recognized that various m
odifications are possible 

w
ithin the scope of the invention claim

ed. T
hus, it should be understood that although the 

present invention has been specifically disclosed by exem
plary em

bodim
ents and optional 

features, m
odification and variation of the inventions em

bodied therein herein disclosed m
ay 

be resorted to by those skilled in the art, and that such m
odifications and variations are con-

sidered to be w
ithin the scope of this invention. 

T
he invention has been described broadly and generically herein. E

ach of the narrow
er spe-

cies and subgeneric groupings falling w
ithin the generic disclosure also form

 part of the in-

vention. T
his includes the generic description of the invention w

ith a proviso or negative lim
i-

tation rem
oving any subject m

atter from
 the genus, regardless of w

hether or not the excised 

m
aterial is specifically recited herein. 

O
ther em

bodim
ents are w

ithin the follow
ing claim

s. In addition, w
here features or aspects of 

the invention are described in term
s of M

arkush groups, those skilled in the art w
ill recognize 

that the invention is also thereby described in term
s of any individual m

em
ber or subgroup of 

m
em

bers of the M
arkush group. 
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C
laim

s 

1
. 

A
n am

phiphilic peptide and/or peptoid capable of form
ing a hydrogel, the am

phiphilic peptide 
and/or peptoid com

prising an am
phiphilic sequence consisting of: 

a hydrophobic sequence stretch of n aliphatic am
ino acids, w

herein n is an integer from
 2 

to 6, w
herein all or a portion of the aliphatic am

ino acids of the hydrophobic sequence 
stretch are arranged in an order of decreasing am

ino acid size in the direction from
 N

- to 
C

-term
inus of the am

phiphilic peptide and/or peptoid, w
herein the size of the aliphatic 

am
ino acids is defined as I=

L
>

V
>

 A
 >

 G
, 

and 

a hydrophilic sequence stretch linked to said hydrophobic sequence stretch and having a 
polar m

oiety w
hich is acidic, neutral or basic, said polar m

oiety com
prising m

 adjacent 
hydrophilic am

ino acids, w
herein m

 is an integer from
 I to 2, w

herein the am
phiphilic 

peptide and/or peptoid has a C
-term

inus and an N
-term

inus, 
w

herein said hydrophobic sequence stretch com
prises and/or form

s the N
-term

inus of the 
am

phiphilic peptide and/or peptoid and said polar m
oiety consists of at least one am

ino 
acid positioned at the C

-term
inus of the am

phiphilic peptide and/or peptoid, 
and w

herein the N
-term

inus is protected by an acetyl group. 

2
. 

A
n am

phiphilic peptide and/or peptoid capable of form
ing a hydrogel, the am

phiphilic peptide 
and/or peptoid com

prising an am
phiphilic sequence consisting of: 

a hydrophobic sequence stretch of n
 aliphatic am

ino acids, w
herein n is an integer from

 2 
to 6, and 

a hydrophilic sequence stretch linked to said hydrophobic sequence stretch and having a 
polar m

oiety w
hich is acidic, neutral or basic, said polar m

oiety com
prising m

 adjacent 
hydrophilic am

ino acids, w
herein m

 is an integer from
 1 to 2, 

w
herein the am

phiphilic peptide and/or peptoid has a C
-term

inus and an N
-term

inus, 
w

herein said hydrophobic sequence stretch com
prises and/or form

s the N
-term

inus of the 
am

phiphilic peptide and/or peptoid and said polar m
oiety consists of at least one am

ino 
acid positioned at the C

-term
inus of the am

phiphilic peptide and/or peptoid, 
w

herein the N
-term

inus is protected by an acetyl group, 
w

herein all or a portion of the aliphatic am
ino acids of the hydrophobic sequence stretch 
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are arranged in an order of identical am
ino acid size in the am

phiphilic peptide and/or pep-

toid, 

and said aliphatic am
ino acids arranged in order of identical am

ino acid size have a se-

quence w
ith a length of 2 to 4 am

ino acids, 

w
herein said aliphatic am

ino acids arranged in an order of identical size have a sequence 

selected from
 L

L
L

L
, L

L
L

, L
L

, I1II, H
I, II, V

V
'V

V
, V

V
V

, V
V

, A
A

A
A

, A
A

A
, A

A
, °O

G
G

, 

and G
G

. 

3
. 

A
n am

phiphilic peptide and/or peptoid capable of form
ing a hydrogel, the am

phiphilic peptide 

and/or peptoid com
prising an am

phiphilic sequence consisting of: 

a hydrophobic sequence stretch w
ith the am

ino acid sequence A
IV

A
G

, and 

a hydrophilic sequence stretch linked to said hydrophobic sequence stretch and having a 

polar m
oiety w

hich is acidic, neutral or basic, said polar m
oiety com

prising m
 adjacent 

hydrophilic am
ino acids, w

herein m
 is an integer from

 1 to 2, 

w
herein the am

phiphilic peptide and/or peptoid has a C
-term

inus and an N
-term

inus, 

w
herein said hydrophobic sequence stretch com

prises and/or form
s the N

-term
inus of the 

am
phiphilic peptide and/or peptoid and said polar m

oiety consists of at least one am
ino 

acid positioned at the C
-term

inus of the am
phiphilic peptide and/or peptoid, 

and w
herein the N

-term
inus is protected by an acetyl group. 

4. 
T

he am
phiphilic peptide and/or peptoid according to any of claim

s 1 to 3, w
herein the am

-

phiphilic peptide and/or peptoid has a C
-term

inus, w
hich, if a basic polar am

ino acid is located at 

the C
-term

inus, is preferably am
idated. 

5
. 

T
he am

phiphilic peptide and/or peptoid according to any of claim
s 1 to 4, w

herein the am
-

phiphilic peptide and/or peptoid consists of o am
phiphilic sequences, as defined in claim

 1, 

w
hich am

phiphilic sequences are linked to each other, o being an integer from
 1 to 50. 
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6
. 

T
he am

phiphilic peptide and/or peptoid of any one of claim
s I, 2, 4 or 5, w

herein said aliphatic 

am
ino acids arranged in an order of decreasing am

ino acid size have a sequence w
hich is a repet-

itive or non-repetitive sequence, 

w
herein, preferably, said aliphatic am

ino acids arranged in order of decreasing am
ino acid size 

have a sequence w
ith a length of 2 to 6. 

7
. 

T
he am

phiphilic peptide and/or peptoid of any one of claim
s 1 to 6, w

herein said aliphatic am
ino 

acids arranged in an order of decreasing am
ino acid size have a sequence selected from

 L
IV

A
G

, 

IL
V

A
G

, L
IV

A
A

, IV
A

G
, L

IV
A

, L
IV

G
, IV

A
 and W

, w
herein, optionally, there is an A

 preced-

ing such sequence at the N
-term

inus. 

8
. 

T
he am

phiphilic peptide and/or peptoid of any one of claim
s Ito 7, w

herein the am
phiphilic se-

quence undergoes a conform
ational change during self-assem

bly, from
 a random

 coil confor-

m
ation to a helical interm

ediate structure to a final beta conform
ation, 

w
herein, preferably, the conform

ational change is concentration dependent. 

9
. 

T
he am

phiphilic peptide and/or peptoid according to any of claim
s 1 and 3 to 8, w

herein the am
-

phiphilic sequence is one of SE
Q

 ID
 N

O
: 1 to 3, 6 to 7, 9 to 24, 31, 33, 35 to 36, and 38 to 42. 

1
0
. T

he am
phiphilic peptide and/or peptoid according to claim

 3 or 7, w
herein the am

phiphilic se-

quence is one of SE
Q

 ID
 N

O
: 4-5, 34 or 37. 

1
1
. T

he am
phiphilic peptide and/or peptoid according to any of claim

s 2 to 8, w
herein the am

-

phiphilic sequence is one of SE
Q

 ID
 N

O
: 25 to 30. 

1
2
. A

 hydrogel com
prising the am

phiphilic peptide and/or peptoid of any one of claim
s 1 to 11, 

w
herein, preferably, the hydrogel is stable in aqueous solution at am

bient tem
perature for a peri-

od of at least 7 days, 

the hydrogel is characterized by a storage m
odulus G

' to loss m
odulus G

" ratio that is greater 

than 2, 

w
herein, preferably, the hydrogel has a higher m

echanical strength than collagen or its hydro-

lyzed form
 (gelatin). 
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1
3
. A

 m
ethod of preparing a hydrogel, the m

ethod com
prising dissolving an am

phiphilic peptide 

and/or peptoid according to any one of claim
s 1 to 11 in an aqueous solution, 

w
herein the dissolved am

phiphilic peptide and/or peptoid in aqueous solution is further exposed 

to tem
perature, w

herein the tem
perature is in the range from

 20 °C
 to 90 °C

, 

w
herein, preferably, the am

phiphilic peptide and/or peptoid is dissolved at a concentration from
 

0.01 ug/m
1 to 100 m

g/m
l. 

1
4
. A

 surgical im
plant, or stent, the surgical im

plant or stent com
prising a peptide and/or peptoid 

scaffold, w
herein the peptide and/or peptoid scaffold is form

ed by a hydrogel according to claim
 

12. 

1
5
. A

 pharm
aceutical and/or cosm

etic com
position and/or a biom

edical device and/or electronic de-

vice com
prising the am

phiphilic peptide and/or peptoid of any one of claim
s 1 to 11, 

preferably, further com
prising a pharm

aceutically active com
pound 

and/or further com
prising a pharm

aceutically acceptable carrier. 

1
6
. A

 m
ethod of tissue regeneration com

prising the steps: 

a) 
providing a hydrogel as defined in claim

 12, 

b) 
exposing said hydrogel to cells w

hich are to form
 regenerated tissue, 

c) 
allow

ing said cells to grow
 on said hydrogel, 

w
hich m

ethod is perform
ed in-vitro. 


	9869SG3115 Des w Claims
	9869SG3115 Abstract
	9869SG3115 Sequence Listing-
	9869SG3115 drw

