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Abstract: Many living organisms have the superb
structure-editing capacity for better adaptation in dy-
namic environments over the course of their life cycle.
However, it’s still challenging to replicate such natural
structure-editing capacity into artificial hydrogel actuat-
ing systems for enhancing environment-interactive func-
tions. Herein, we learn from the metamorphosis devel-
opment of glowing octopus to construct proof-of-
concept fluorescent hydrogel actuators with life-like
structure-editing capacity by developing a universal
stepwise inside-out growth strategy. These actuators
could perform origami-like 3D shape deformation and
also enable the postnatal growth of new structures to
adapt additional actuating states for different visual
information delivery by using different environment
keys (e.g., temperature, pH). This study opens previ-
ously unidentified-avenues of bio-inspired hydrogel
actuators/robotics and extends the potential uses for
environment-interactive information encryption.

Introduction

In nature, many organisms ranging from flatworms to
mammals, are found to be capable of editing their own
structures throughout metamorphosis development over the
course of their life cycle in order to more efficiently interact
with the environment.[1] One famous example is glowing
sucker octopus (Stauroteuthis Syrtensis).[2] Its embryos relied

on the stored nutrients in eggs to thrive during fetal
development, yet prior to birth grow out the arms to be
more suitable for swimming locomotion (Scheme 1a). Fur-
ther, they develop the umbrella-shaped dorsal membrane
and luminescent suckers on the arms. Owing to such
stepwise metamorphosis development, one full-fledged
glowing octopus is found to have amazing control over their
color and morphology for efficient camouflage or communi-
cation in its dynamic living environment.[3] Inspired by this
finding, a number of biomimetic synergistic shape/color
switchable soft actuators/robots have been recently fabri-
cated on the basis of fluorescent polymers,[4] especially
hydrogels with biotissue-like modulus and soft wet
nature.[5,6] For example, Tang and colleagues developed life-
like hydrogel flowers with environmental pH-triggered
blooming and discoloring functions by incorporating tetra-
(4-pyridylphenyl)ethylene dyes into poly(acrylamide-co-so-
dium 4-styrenesulfonate) hydrogel.[7] We also presented
lanthanide coordinated multicolor poly(N-isopropylacryla-
mide-co-potassium 6-acrylamidopicolinate) hydrogel, which
could be programmed to replicate the synergetic color-
changing and shape-morphing functions of natural flowers
and chameleons.[8] These impressive advances have largely
enriched the multi-functionalities of artificial hydrogel
actuators/robots and paved the way for many potential
applications.

However, these synergistically color/shape changeable
hydrogel systems are primarily constructed for one single
task, yet cannot edit their own structures to create new
algorithms for accomplishing additional color/shape chang-
ing functions after manufacture, let alone to explore their
adaptive actuating states to display distinct morphology/
pattern information for better interaction with the
surroundings.[9] As a comparison, the glowing octopi are
well-known to utilize the postnatally grown luminescent
suckers on the arms to display distinct bioluminescent
patterns for the purpose of scaring off the predators or
attracting their preys. These comparisons thus inspire us to
speculate that, if such natural structure-editing capacity was
reproduced, it would significantly promote the development
of artificial color-changing hydrogel actuators. It is antici-
pated to produce robust types of artificial hydrogel actuators
that can edit their structures to exhibit various types of
adaptive actuating states in different environments. More-
over, when combined with visual fluorescent outputs, such
adaptive actuating states could be further explored to
fabricate environment-interactive pattern information deliv-
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Scheme 1. Illustration of the biomimetic basis to achieve structure-editing fluorescent hydrogels for environment-interactive information
encryption. a) Illustration showing the metamorphosis development of glowing sucker octopus from the egg to a full-fledged one. b) Illustration
showing structure-editing process of the initial Eu-gel hydrogel, in which APS was employed as the analogue of growth factors to dictate the
stepwise growth of T-Bgel and pH-Cgel. The hydrogel actuator can thus utilize the stepwise structure-editing process to produce diverse adaptive
actuating states in response to environmental changes, which could be further explored to enable environment-interactive visual information
delivery, behaving similar to glowing octopus that can adapt the states of luminescent suckers to deliver different bioluminescent pattern
information to different receivers such as predators or preys. Note that the fluorescent English letters were written by using red-light-emitting
carbon dots (CDs) as the ink. c) Chemical structures of the used hydrogels.
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ery systems that hold great potential uses in information
encryption, dynamic camouflage and so on.

In order to replicate the structure-editing capacity of
natural organisms, it is essential to learn about the manner
of their metamorphosis development.[10] In biology, the
growth of a specific structure and shape is defined as
morphogenesis. For example, consider how a fertilized egg
develops into a full-fledged glowing octopus (Scheme 1a).
The egg first produces growth factors, which can dictate the
utilization of nutrients from the external medium for differ-
ential spatial growth of new structures such as the arms and
umbrella-shaped dorsal membrane. As it denotes, the
growth of every new structure is initiated and dictated by
the former structure. It is this interesting strategy of stepwise
inside-out growth that enables the organisms to edit their
own structures for accomplishing different tasks at every
stage of metamorphosis development.

Herein, we draw an inspiration from the metamorphosis
development of glowing octopus to fabricate fluorescent
hydrogel actuators that can edit their own structures to
enable adaptive shape/color changing functions by putting
forth an efficient and universal bio-inspired stepwise inside-
out growth strategy, followed by the exploration of such
adaptive actuating states for environment-interactive infor-
mation encryption. As illustrated in Scheme 1b-(i), the red-
light-emitting Eu3+ coordinated hydrogel (Eu-gel) contain-
ing concealed information written by using red fluorescent
carbon dots (CDs). Since the used CDs ink is sensitive to
OH� (Key 1), no information was noticed in alkaline
environment. To enable structure-editing, ammonium per-
sulfate (APS), a water-soluble initiator for free-radical
polymerization, was “secreted” from the Eu-gel and em-
ployed as the analogue of growth factors to dictate the
stepwise growth of new hydrogel structures.[11] After the
1st growth, temperature-responsive sky-blue fluorescent hy-
drogel (T-Bgel, Scheme 1b-(ii)) was grown to produce a
bilayer hydrogel actuator that is capable of deforming its
shape upon environmental temperature change (Key 2), just
behaving like the newborn octopus that can wave its arms
for swimming. Interestingly, after the 2nd growth of pH-
responsive chartreuse fluorescent hydrogel (pH-Cgel, Sche-
me 1b-(iii)), the obtained hydrogel actuator can behave like
a full-fledged glowing octopus to show more complex
actuating states upon environmental pH/T changes
(Key 2&3). Based on these distinct adaptive actuating
states, different visual information was allowed to be
conveyed by using different environment keys, in analogy to
the glowing octopi that can program the states of lumines-
cent suckers to deliver different pattern information at
different environmental conditions.

Results and Discussion

To produce soft hydrogel actuators with structure-editing
capacity, the key is to establish a general bio-inspired inside-
out growth strategy of hydrogel structures. As illustrated in
Figure S1a and b, Eu-gel hydrogel stripe, which features the
Eu3+ coordinated poly(potassium 6-acrylamidopicolinate-

co-acrylamide) (poly(K6APA-co-AAm)) network and hy-
drogen bonded agar network, was loaded with the APS
initiator (15 mgmL� 1) to serve as the initial hydrogel.[9b]

When placed to contact with the pre-polymerization solu-
tions of N-Isopropyl acrylamide, crosslinker, sky-blue fluo-
rescent monomer and N,N,N’’,N’’-Tetrameth-
ylethylenediamine as the accelerator, APS spontaneously
diffused outward to initiate the polymerization to form T-
Bgel structure (Figure S1c–d).[9b,10,11] Just like the natural
morphogenesis process, this new hydrogel structure begins
at the interface and the thickness gradually increases over
the growth time (Figure 1a). Its bonding with the initial
hydrogel is evidenced by the SEM image (Figure 1b). The
time-dependent thickness increment is plotted in Figure 1c.
It shows that the T-Bgel with mm-scale thickness that is
comparable to that of the initial hydrogel has been grown
for merely 30 min, which is much faster than the growth
time of arms in the embryos of glowing sucker octopus
(usually several to tens of days). In addition, the growth
factor of APS could be stored inside the gel at least for
17 days and still be readily used for the growth of T-Bgel
and pH-Cgel structures with the thickness of 0.6 mm (Fig-
ure S2).

Further studies demonstrate that such inside-out growth
process can be facilely repeated to grow various hydrogel
structures on one initial hydrogel. As Figure 1a and Fig-
ure S3 denotes, pH-responsive Chartreuse fluorescent hy-
drogel structure (pH-Cgel) was subsequently formed on the
other side of the initial hydrogel in a similar growth manner
(Figure 1a and Figure 1d).[9b,10,11] The interfacial bonding
between Eu-gel and newly formed pH-Cgel is clearly
observed in SEM image (Figure S4). Importantly, the local
growth of new hydrogel structures with various regular or
irregular shapes (Figure 1e–f, S5–S8) can be achieved with
the aid of suitable molds. Moreover, in order to largely
reduce the complexity of molds for exactly resembling the
growing process of a living organism, the water-soluble
photoinitiator I2959 (2-hydroxy-4’-(2-hydroxyethoxy)-2-
methylpropiophenone) was further developed as another
growth factor to initiate the interfacial growth of T-Bgel and
pH-Cgel structures on the Eu-gel substrate (Figure S9).
Different from the thermal initiator APS, new T-Bgel or
pH-Cgel structures could be readily grown under the
illumination of 365 nm UV light through the mask. Detailed
investigations of this photo-initiated interfacial hydrogel
growth processes were described in the Supporting Informa-
tion Note 1 and Figure S10 and S11. As shown in Figure 1g,
the local growth of new hydrogel structures with various
patterns could be facilely achieved by using the I2959
photoinitiator as the other growth factor. We also used this
photoinitiator to respectively grow T-Bgel and pH-Cgel on
the Eu-gel stripe to produce two bilayer actuators. As
expected, these two hydrogel actuators could display rever-
sible shape deformation upon environment temperature or
pH changes (Figure S12). These results clearly demonstrated
that the I2959 photoinitiator could serve as another efficient
growth factor to endow our hydrogels structure-editing
capacities. More importantly, the thermal initiator (APS)
and photoinitiator (I2959) could be used together to induce
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the stepwise growth of pH-Cgel and T-Bgel on each side of
one Eu-gel stripe (Figure S13a) or on different parts of the
same Eu-gel substrate (Figure S13b). Since these two radical
initiators (APS and I2959) could be independently initiated
by heat and light, this new stepwise growth method using
two different growth factors indeed largely reduces the
complexity of the molds, which can resemble greatly the
growing process of a living organism. Additionally, as
verified by the experiments in Figure S14, it was found that
the minimum line width of these fluorescent hydrogel
patterns was �1 mm by delicately controlling the experi-
ment conditions. These advantages together make this bio-
inspired stepwise inside-out growth technique hold great
potential to produce environmentally interactive hydrogel
actuators with dynamic shape morphing capacities.

On the basis of this well-established growth strategy, we
further explored the potential to produce hydrogel actuators

that could edit their own structures to enable differential
shape deforming functions under changing environments.
As depicted in Figure 2a, we respectively grew T-Bgel and
pH-Cgel on the Eu-gel stripe to produce two bilayer objects,
namely T-Bgel/Eu-gel and pH-Cgel/Eu-gel. The bilayer T-
Bgel/Eu-gel actuator was found to bend towards the T-Bgel
layer at elevated temperature (40 °C) because of its tendency
to be shrunken above volume phase transition temperature
(VPTT) (Figure S15), and accompanied with higher blue
emission intensity (Figure S16). The enhaced blue emission
was mainly due to the much heavier hydrophobic aggrega-
tion of these aggregation-induced emission-active naphthali-
mides in the hydrophilic hydrogel matrix.[12] As for the pH-
Cgel/Eu-gel actuator, it bends against the pH-Cgel layer at
acid condition, because the grafted 2-(Dimethylamino) ethyl
methacrylate (DMAEMA) moieties are protonated to
absorb water (Figure S17). By switching off these stimuli,

Figure 1. The bio-inspired inside-out growth of new hydrogel structures. a) Photos showing the stepwise growth process of T-Bgel and pH-Cgel on
the initial hydrogel (Thickness of the initial Eu-gel is 1 mm). b) Cross-section SEM image of the freeze-dried T-Bgel/Eu-gel samples. c)–d) Time-
dependent thickness increase of T-Bgel and pH-Cgel during the growth process. e) Local growth of various T-Bgel or pH-Cgel hydrogel structures
on the disc-shaped initial hydrogels by using APS as initiator. f) Growth of the “CNITECH” letters on the rectangular initial Eu-gel, in which blue
fluorescent letters are made from T-Bgel and chartreuse fluorescent letters are made from pH-Cgel by using APS as initiator. g) The local growth of
T-Bgel and pH-Cgel structures with various patterns on the Eu-gel by photoinitiated polymerization. Scale bars are 5 mm. These photos were taken
under a hand-held UV lamp at 254 nm.
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both T-Bgel/Eu-gel and pH-Cgel/Eu-gel were capable of
recovering to the initial flat state (Figure 2b). Such respon-
sive bending/unbending processes could be repeated for
multiple cycles, demonstrating the high reversibility of these
grown actuation systems (Figure S18, S19, Table S1 and S2).
Furthermore, structure-editing of the initial hydrogel to
produce more complex hydrogel actuators with programmed
origami-like shape changes were demonstrated. We pre-
pared a linear Eu-gel as the initial hydrogel, which
maintained identical flat geometry no matter how the
working environment changed. Figure 2c and S20 shows the
procedure to edit its hydrogel structure to produce a series
of linear actuators with specific sequences of temperature
and pH responsive units. All these linear actuators kept
identical flat geometry at ambient conditions, but exhibited
distinct 3D bending and folding in response to environ-

mental pH or temperature changes (Figure 2c, S21 and
Movie S1). Following the same principle, we further de-
signed cross-shaped Eu-gel hydrogel that could be pro-
grammed to grow eight new hydrogel units. Figure 2d and
Figure S22–S24 depicts several examples (C1–C6) with
variable permutations of the newly grown T-Bgel or pH-
Cgel units, which were demonstrated to exhibit much more
complex 3D configurations (Movie S2). Furthermore, struc-
ture editing of the flat Eu-gel hydrogel for responsive spiral
deformation was also achieved by adjusting relative align-
ment of the newly grown T-Bgel and pH-Cgel hydrogel
structures (Figure S25). Obviously, these responsive origa-
mi-like shape changes were programmed by the growth
permutations of these bilayer units. Such well-defined
programmability makes it possible to predict the shape
transformations by the predesigned growth permutations,

Figure 2. Structure editing of one initial hydrogel to produce various hydrogel actuators with programmed origami-like shape changes. a) Schematic
representation of two bilayer objects exhibiting thermo- or acid-triggered actuating behaviors. b) The thermo- or acid-triggered bending angles as a
function of time. Structure-editing of the initial hydrogels to produce a series of c) linear and d) cross-shaped actuators with specific sequences of
temperature- (T-) and pH-responsive units, which exhibit differential shape deforming behaviors under changing environments. Note that T
denotes growth of T-responsive units, pH denotes growth of pH-responsive units and N denotes the single-layer Eu-gel. Scale bars are 1 cm. All
photographs were taken under a hand-held UV lamp at 254 nm.
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which will definitely enrich our capacity to forge complex
but powerful actuators.

Besides origami-like shape deformation, simultaneous
fluorescence color changeable behavior was also realized,
because the incorporated lanthanide complexes in Eu-gel
could be decomposed in alkaline conditions,[13] while the
grafted naphthalimide fluorogens in pH-Cgel could be
deprotonated (Figure S26).[14] Figure 3a shows the
fluorescence color changes of one pH-Cgel/Eu-gel bilayer
unit in aqueous NaOH solution. It was noticed that both the
red and chartreuse fluorescent hydrogel layers (10 mm long,
2 mm wide, and containing two 1 mm layers) gradually faded
upon exposure to alkaline solution and nearly disappeared
within 20 min. This observation was further evidenced by
their corresponding emission spectra, which exhibited time-
dependent fluorescence intensity reduction at 545 nm and
619 nm, respectively (Figure 3b and c). Note that such
fluorescence color-fading process is diffusion-controlled
(Figure S27) and also proved to be reversible. As shown in
Figure S28, further exposure to 0.01 M H+ solution would
recover the fluorescence color of pH-Cgel/Eu-gel. This is
because the formed Eu(OH)3 nanoparticles, which were
produced from the OH� -induced decomposition of fluores-
cent Eu3+ complexes, were still entrapped in the hydrogel
matrix and then readily reacted by the further addition of
H+ to reproduce the fluorescent Eu3+ complexes. Based on
these results, structure editing of a cross-shaped initial
hydrogel produced a complex hydrogel actuator displaying
synergistic 3D shape deforming and switching behaviors
(Figure S29 and Movie S3). These results laid a solid
foundation for the construction of a bio-inspired soft robot
that is capable of editing its structure via structure-editing
growth for better adaptation to dynamic environments.

As is known, the glowing sucker octopi are born with
eight arms for swimming locomotion, and are found to
develop the umbrella-shaped dorsal membrane containing
lots of luminescent sucker, which further endow them the
superb capacity to exhibit adaptive gesture/color changes for
camouflage through background color matching.[3,15] In other
words, the glowing sucker octopi have evolved to edit their
own structures for accomplishing different tasks over the
course of their life cycle. Inspired by such adaptive
phenotypic plasticity, we further explored the possibility of
constructing a hydrogel analogue capable of editing its
structure to perform differential actuating behaviors at
different environment conditions. As a proof-of-concept, an
octopus-shaped initial hydrogel was first constructed. As
shown in Figure 3d, its body and arms, which were made of
Eu-gel and prepared by a laser cutting machine, were then
embedded with a plastic octopus head to produce the initial
red fluorescent and flat hydrogel octopus. After growing T-
Bgel in the style shown in Figure 3e, the obtained hydrogel
octopus was capable of undergoing continuous 3D shape
deformation at elevated temperature (40 °C) (Figure 3e and
Movie S4), and the trajectory of its arm in 40 °C was
recorded in Figure S30. Moreover, when further growing
pH-Cgel onto its arms, not only arms shifting and umbrella
reversing behaviors, but also the color fading of both arms
and umbrella were observed (Figure 3f and Movie S5).

Similarly, the initial hydrogel octopus could also be pro-
grammed to first grow pH-responsive hydrogel structures
for color change (Movie S6), and then exhibit synergistic
color/shape changes via the subsequent growth of T-
responsive hydrogel structures. Note that these pH- and T-
responsive synergistic color/shape changeable processes
were proved to be reversible (Figure S31, S32, and Mov-
ie S7). In this way, distinct actuating performances were
achieved based on one single hydrogel system via life-like
stepwise growing development after manufacture, paving
the road for constructing next-generation soft hydrogel
actuators/robots that can resemble natural organisms to edit
their structures for better environment adaptation.

Besides the synergistic shape/color changeable camou-
flaging function, the postnatally grown luminescent suckers
on the arms of glowing octopi are also able to display
distinct glowing patterns for the purpose of scaring off the
predators or attracting their preys. Such dynamic pattern
display function is their important survival traits by enrich-
ing their interactive capacities with the co-existing predators
or preys. This finding further encouraged us to utilize the
above-established structure-editing hydrogel actuators to
fabricate bio-inspired information encryption system with
unique environment-interactive delivery capability. One
proof-of-concept demonstration is shown in Figure 4, in
which red-light-emitting carbon dots (CDs) were specially
employed as the ink to write English letters on the hydrogel
actuator for visual information delivery (Figure S33). As can
be seen from Figure 4a, the written letter was invisible under
254 nm UV light, but become clearly visible under 365 nm
UV light owing to the differential excitation energies of the
red fluorescent Eu-K6APA and CDs (Figure 4b and c).
Further researches were also conducted by utilization of
PDA-functionalized CDs as the ink to write the letter “C”,
“H” and “N” on Eu-gel samples, respectively, which were
then placed in different solutions (40 °C, 0.01 M H+ or 40 °C/
0.01 M H+) for 2 h and then transferred into water for 72 h
for stability evaluation. It was found that these written
letters were still clear after 72 h, suggesting the good stability
of these written letters (Figure S34).This suggests the
possibility to deliver distinct information to several recipi-
ents under different UV light. Firstly, since the used CDs
ink is sensitive to OH� , no information was noticed in
alkaline environment (Figure S35). Subsequently, to enrich
it with bio-inspired environment-interactive information
delivery function, T-Bgel units were grown on the two end
connections of the linear actuator. As a consequence, the
structure-edited linear actuator is capable of switching
between two actuating states to display information
“CSMARTS” or “SMART” depending on the environ-
mental temperature (Figure S36). Further structure editing
of the linear actuator by growing two additional pH-Cgel
units (Figure 4d) continued to expand its environmentally
interactive display function, which made the actuator be
able to exhibit three actuating states to convey three distinct
information (“CSMARTS” or “SMART” or “CAS”) in
response to the subtle interplay between environmental T
and pH stimuli. Following a similar principle, 2D cross-
shaped Eu-gel hydrogel has also been demonstrated to
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Figure 3. Structure editing of initial hydrogels to produce synergistically fluorescence color/shape switching actuators. Time-dependent
fluorescence color-fading processes of pH-Cgel/Eu-gel bilayer unit in aqueous NaOH solution (a), as well as the corresponding fluorescence
spectra recorded from pH-Cgel side (b) and Eu-gel side (c), respectively. Photos of the as-prepared initial hydrogel octopus and its preparation
procedure (d), structure editing of the initial hydrogel octopus to first grow T-Bgel for the umbrella reversing behavior (e), then to exhibit both
arms shifting and umbrella reversing behaviors, as well as simultaneous fluorescence color fading behavior via the subsequent growth of pH-Cgel
(f). Scale bars are 1 cm. All photos were taken under a hand-held 254 nm UV lamp.

Angewandte
ChemieResearch Articles

Angew. Chem. Int. Ed. 2023, 62, e202300417 (7 of 10) © 2023 Wiley-VCH GmbH

 15213773, 2023, 23, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202300417 by N

ingbo Institute O
f M

aterials, W
iley O

nline L
ibrary on [06/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



output various actuating states for the purpose of delivering
distinct information via bio-inspired stepwise structure
editing processes (Figure 5). Besides the simple English
letters, more complex information (e.g., English words)
could also be written on the hydrogel actuators for dynamic
visual information display. As shown in Figure S37a, the
blue fluorescent T-Bgel structure and the information of
“FAMILY” could be easily grown and written on the Eu-gel
substrate with the assistance of a self-made mold. At the
ambient condition, both the blue fluorescent patterns and
red fluorescent “FAMILY” were clearly visible. Upon
elevating temperature (40 °C), the bending actuation of its
left half was triggered to enable the display of another four-
letter “MILY” information (Figure S37b). Consequently,
the developed actuator was capable of switching between
two actuating states to display the six-letter word “FAM-
ILY” or four-letter word “MILY” depending on the
environmental temperature. In this way, environment-inter-
active information encryption systems that can offer several
actuating states to convey distinct information are demon-

strated for the first time, which is expected to largely enrich
the environmentally interactive functions of soft hydrogel
actuators and pave the road for the development of next-
generation smart actuating or encryption systems.

Conclusion

By mimicking the metamorphosis development of glowing
octopus, we have demonstrated the first artificial hydrogel
system that is capable of editing its structures for the
purpose of accomplishing additional tasks after manufac-
ture. Its structure-editing capacity derives from the estab-
lished biomimetic inside-out growth method, which employs
APS and I2959 as the analogues of growth factors to dictate
the interfacial polymerization and produce bilayer actuating
hydrogel units. It is thus possible to facilely predetermine
the growth permutations of these bilayer units in order to
realize complex and programmable origami-like 3D shape
deformations. Moreover, when responsive fluorescent hy-

Figure 4. Structure-editing hydrogel actuators for environment-interactive information encryption. a) Photo of the letter of “M” written by CDs on
the initial Eu-gel taken under 254 nm and 365 nm UV illumination. Fluorescence spectra of CDs and Eu-gel when excited under 254 nm (b) and
365 nm (c). d) Photos showing the structure-editing process of one linear Eu-gel hydrogel containing red fluorescent “CSMARTS” letters written by
CDs to produce diverse adaptive actuating states in response to environmental changes, which could be further explored to enable environment-
interactive visual information delivery by using different environment keys (40 °C or H+). Scale bars are 1 cm.
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drogel structures were grown, simultaneous color/shape
changes were achieved. These promising advantages further
encouraged the construction of octopus-shaped soft hydro-
gel actuator that is able to grow T-responsive hydrogel
structures for 3D shape deformation, and further develop to
exhibit synergistic color/shape switching behaviors via the
second growth of pH-responsive fluorescent hydrogel struc-
tures, just behaving like a real glowing sucker octopus.

To endow artificial soft actuators with life-like structure-
editing capacity and then take advantage of their adaptive
actuating behaviors to construct advanced information
encryption systems with environment-interactive informa-
tion delivery functions is the key novelty of our present
work. This attempt is expected to open the possibility of
creating advanced actuating systems that can compete with
or even surpass the natural organisms in terms of structure
reconfiguration and information display. Moreover, as
demonstrated in this study, the established biomimetic
inside-out growth method is not only operationally simple,
but also generally applicable to grow diverse types of
responsive hydrogel structures. We expect that the versatil-
ity of the proposed method will be attractive to researchers.
Especially, great future efforts should be devoted to more
powerful fluorescent color changeable polymer gel systems

that can be excited by the low-energy visible light, because
such multifunctional systems may not only get rid of the
requirement of UV-light, but also provide some operational
conveniences. If so, numerous new kinds of smart actuating
and information encryption systems with programmable
responsiveness (e.g., pH, light, magneticity, electricity and so
on) and expanded functionalities are envisioned in the
future and are expected to promote many environmentally
interactive applications.
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