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Materials Today is the flagship journal of the Materials Today family and is dedicated to covering the most
iInnovative, cutting edge and influential work of broad interest to the materials science community.

Having established the journal as one of the most highly respected sources of news and reviews in
materials science over the last two decades, Materials Today has expanded its scope to cover ground
breaking original research in materials science, and aims to become a leading forum in the field.

The editors welcome comprehensive articles and short communications reporting breakthrough
discoveries and major technical achievements as well as review articles from established leaders in
engaging and rapidly developing fields within materials science and related disciplines.

Materials Today offers authors rigorous peer review, rapid publication, and maximum visibility. The journal
expects to accept only the most significant submitted manuscripts, but will provide very rapid evaluation to
prevent publication delays.

The growing Materials Today family provides authors and readers with comprehensive coverage across
materials science, spanning ground breaking discoveries to highly specialized research; including such
journals as Applied Materials Today, Materials Today Energy, and Materials Today Chemistry - in addition to
the dedicated proceedings journal Materials Today: Proceedings, and sound science publication Materials
Today Communications.

For more information on the wider Materials Today family visit http://www.materialstoday.com/about
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Pages 1-186 (May 2022)

Volume 54
Pages 1-246 (April 2022)
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Pages 1-238 (March 2022)

Volume 52

Pages 1-388 (January-February 2022)

D Research article ® Full text access

A seed-like hydrogel with metabolic cascade microbiota for oral treatment of liver failure

Di-Wei Zheng, Ke-Wei Chen, Jian-Hua Yan, Zhi-Yong Rao, ... Xian-Zheng Zhang
Pages 30-40

o Download PDF Article preview A

Abstract  Graphical abstract

Abstract

Liver failure is a fatal disease with a mortality rate of 80%. The only access to treat liver failure is invasive operation, which is
restricted by limited donor sources or high costs. Thus, non-invasive medication for liver failure is urgently needed. Herein, we
tried the first attempt to design a seed-inspired hydrogel with a micro-ecosystem, which imitates characteristics of seed with high
intestinal adaptability, for the elimination of harmful metabolites in liver failure using a cascade reaction triggered by
encapsulated microbes. Focusing on abnormal ammonia assimilation and intestinal oxygen metabolism, a two-component I
artificial microbiota was constructed to enable efficient intestinal oxygen consumption and subsequent hypoxia-induced

ammonia elimination. More importantly, we imitated plant seeds with high adaptability to the intestinal environment to improv{]

|:| Research article ® Full text access

A seed-like hydrogel with metabolic cascade microbiota for oral treatment of liver failure

Di-Wei Zheng, Ke-Wei Chen, Jian-Hua Yan, Zhi-Yong Rao, ... Xian-Zheng Zhang
Pages 30-40

% Download PDF  Article preview A

Abstract  Graphical abstract

Graphical abstract

A seed-like hydrogel with metabolic cascade microbiota was demonstrated to achieve efficient oxygen consumption and cascaded
hypoxia-induced ammonia elimination, which can reduce hepatotoxic endotoxin and neurotoxic ammonia in situ in the non-

invasive treatment of liver failure.
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An example of a manuscript template

Title (Use Title Case).

1st Author Name 2, 2nd Author Name ®, 3rd Author Name =
=1st Author Affiliation, City, Country, e-mail address+

* 2nd Author Affiliation, City, Country, e-mail address+

<3rd Author Affiliation, City, Country, e-mail address«'

o

o

Abstract+

This 1s a template of the formatting requirements for a manuscript submitted to Information Processing & Marnagement
(IP&M) for review. IP&M is a Your Paper Your Way journal ... double spacing is helpful for review ... , but you are
welcome to use this template if you like. Please review the Author Guidelines. This document describes how to prepare
your submissions. Your manuscript’s title, authors, and affiliations should run across the full width of the page in a
single column. The fitle should be Title Style. Author names should be in Author Name Style, and affiliations in
Author Name Style, and email address in Author Email Style. For the Abstract heading, use the Normal style and bold
it. The Abstracts should be a concise statement of the problem, approach, findings, and implications of the work

described within a single paragraph. It should clearly state the paper’s contribution to the field. «

Keywords~

Add about 5 keywords or phrases separated by semicolons for use in indexing thus paper; these may also be used to

identify appropriate reviewers. For the Keywords heading, use the Normal style and bold it.«
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(a) Exfoliation (b) Solution phase assembly

1. Ligand mediated assembly

a
Q’ 3

2. Surface charge mediated

e

Exfoliated MoS,;

(c) vdW heterostructure

MoSz-MoS-

Solution phase synthesis of van der Wasls heterostructure (VWH). Schematic representation of (a) Simultaneaus exfaliation of bulk layered TMD and
sheets with ligand taking MoS, a5 an example, (b) solution phase synthesis via (1) figand and ()

surfsce charge medisted assembly in random sokuon phase to form MoS;-gmphene 3nd McS:-WSe; heterastrudure, respecively. The kee pyrene end

group df ligand on the surfsce of TMD interact with graphene through T-Tl interaction in McSz-graphene In MoS;-Wse;

both surface charge driven attraction and TT-T1 interacton of the free pyrene end group of ligands anchored an the surface of MoS; and WSe; reaize the

heteroassembly. (¢) Dissocistion of ligand by smple pH change 1o form vaWH.

of P process is related to sev-
eral thermodynamic parameters such as standard free energy
(AG,), enthalpy, (AH,) and entropy (AS,) of adsorption and were

using the g
b= -5+ 5T @
®
AG = -RTIn b (3)

where R Is the universal gas constant, T'is the temperature andb &s
the Langmulr constant. The values of AH” and AS” were calculated
fiom the slope and intercept of the plot of In b versus 1/T, respec-
tvely. The postive value of AH® (38 kl/mol) confirm the
endothermic nature of adsorption. The negative value of AG” at
different temperatures (Table $1) Indicates the spontaneous nat-
wre of ligand adsorption on to bulk MoSs. The pasitive value of
AS® (11.2 J/mol/K) suggests the Increased andomness at the
solid/solution interface during the adsorption. Interestingly, pyr-
ene exdmers are found to dissodate to monomers >30 °C and
would be the reason for enhanced adsorption rate of ligands to
MaSz [27].

Due to the layered structure, we can envisage the adsorption
of thiol terminated ligands in to not only the surface but also
the Interlayer of MoS: via Lewis add base interaction. The fluffy
nature of Li-Ls intercalated MoS: is evident from the scanning
electron microscopy (SEM) and atomic force microscope (AFM)

analysis (S I ary Fig. $4). As evident from
the AFM height analyss, lhe L, Intercalated MoS, has relatively
smaller number of sheet thickness Indicating that the long dan-
gling alkyl chains of L, provide sufficient physical gaps to allevi-
ate the van der Waals interactions among the MaS, layers. As a
consequence, the MaS, layer-layer interaction get weakened
leading to an effective exfollation. The progress of exfollation
is monitored by UV-visible spectroscopy, where the absorption
peaks at 674 nm and 746 nm comelate L0 the amount 10 exfoli
ated MoS; and WSe, in y (5 ary
Fig. 55). As shown In Fig. §5, the rate af exfollation became satu-
rated after $ h of ultrasonication and is higher with L, compared
to Ly and L, for both MaS, and WSe,. This suggests the vital role
of alkyl chain length in ligands for disrupting the intedayer van
der Waals force while providing the extra pulling effect to exfo-
liate sheets from the TMD flakes under sonochemical treatment.
In addition, the exfoliated TMDs using Ls display an extended
period of colloidal stability (>1 year) due to the suffident surface
functionalization by the ligands, which in turn provides a sterlc
effect for preventing the aggregation of exfoliated nanosheets.
The main advantage of modified LPE process is the optimized
interaction of ligands which allow significant exfoliation upon
mild sonication procedure resulting in lesser destruction of
nanosheets. As a result, a comp high yield of liated
nanasheets (23%) of size upto 225 um is achieved (Supplemen-
tary Rg. 56). a control the
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micro-elec [39], mico-pl d [40], elec-
trostatic spinning [41] as well as droplet muupulamn [18,42-
46]. The common methods for human-motion-drven droplets
manipulation are based on the action of electrostatic force and
surface tension of the charged droplet, known as electrowetting
[18,43,46] or electrostatic control mechanism [42,44,45].

Results and discussion

Motion-droplet interaction platform

The fundamental mechanism for droplet drving relles on
electrostatic force. Consequently, both electric field and charge
quantity are important for high efficiency manipulation. Previ-
ous droplet manipulations using TENG were largely based on

Herein, we report a highly efficient droplet 1. sys-
tem using a direct charge injection (DCI) method. In the drving
process, via the between tw mate-

als, a large number of charges could be directly injected into the
droplet through Interface contact between the liquid and the
electiode, providing a strong electric field which can be used to
drive the movement of droplets. As a result, the charge quantity
injected into the droplet (10 pl) increases from 0.03 nC to
0.25 nC, with the average movement velodty reaching
255 mm s, over 6 times higher than that of traditional meth-
ods (432 mm s™’). Furthermore, by designing an altemative
charge injection process, the droplets can achleve reciprocating
motions on the horizontal surface and jumping motion in the
vertical direction. Based on these characteristics, we designed a
droplet pulation platform that droplet trns-
portation, positioning, physical reactivity, and self-cleaning
capabllities. This work is bringing a new strategy to the cument
droplet field via h ton-induced direct
charge injection.

the elec g method [18,43,46]. Although the electric field
produced by TENG could be strang, the charge quantity on the
droplet formed by triboelectrification of the liquid-solid inter-
face was small [47-51], largely compromising droplet driving effi-
dency. In this work, we developed the prototype of a highly
efficient droplet manipulation system, using a DCI method. As
the 3D schematic shown in Fig. 1a, the system comprised a
TENG device, a HV rectifier module, and a droplet movement
platform. Spedfically, one electrode used for the movement plat-
form was located between an insulating and a hydrophobic layer,
with a small edge exposed so as to contact the droplet directly
and implement DCI tothe droplet (Inset of Fig. 1a). In this work,
for consistency, a freestanding (FS) mode TENG with length,
width, and thickness of 150, 100, and 8 mm was trialed for all

and To generate a
higher surface charge density, the surface of the polytetafluo-
roethylene (PTFE) friction layer was etched into nanostructures
(scanning electron microscope (SEM) image shown In Fig. 1b).
The maximum open-circuit voltage and short-circuit charge out-

@

B Water droplet
PU Sponge / Insulating Layer ns Move forward
Electroce PTFE Hydrophobic Layer @ ®—
é T=13ms
o
& ®
g T=233ms
P f the high e fficiency moti i platfarm. ia) i disgr amenncacpmamngpmmcmgaanm

3 high-voltage rectfier module and 3 droplet motion part. The enlarged ares shows the exposed dectrode edge for chasge injection. i) Surface morphology
of the PTFE tibo-layer (scale bar: 1 uml. {¢) Suface mophology of Mhpumuzmm(mmmmamm:mm
hydrophobic surface scale bar: 1 mm). (6] The mechanism of DC1 method for driving 8 draplet by b the droplet

via human-mation induced direct charge injection (scale bar: 5 mm).
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Advantages of seed in intestinal defivery. (8) Schematic disgram of the design of arfificial microbiots and the preparation of SBME for allevisting fiver failure.
) SEM images and photos o the seed from various bemies (<) Movement of seed-shaped and spherical particles in & S-type water tank. (d) Simulsson
calculstion of the movement route of seedshaped and spherical particles in & S-type tank (n = 51 (&) In vivo fluomscence images of the retention of DI
Lsbeled seed-shapad particles, spherical particles, and bacteria in rat intestine. The location of the particles in the intestine was confitmed by u<CT images

i =4). Significance between each group was cakculsted with two-tailed Studens I-test Data are mesn + 4. and n represents the number of biologically

independent ssmples. i) Photes plant seeds before

363 mm g, respectively. To Increase the resistance of ac-
achieved hydrogel in complex digestive systems, sodium ligno-
sulfonate was further coated on the surface of hydmgel particles
as a blomimetic lignified shell through the alternative layer-by-
layer asembly with polyallylamine hydrochloride (PAH). It was
found that changing the concentration of mw materlals, such
as sodium alginate, bacterla and CaCO3; microsphere did not
affect the morphology of SEME. However, high caldum chlorde
concentration (1%) caused gel purldes to adhere into double
beads, bead chains or the

of SBME did not chan ge obviously during 7 days of storage (Sup-
plementary Rg. 3).

the acid treatment. fg) Py-GOMS of the material compasition in the seeds of berfes.

As shown In Fig. 2e, mcherry-expressing Escherichia coll
(E. cali) was evenly distributed in the green fluorescent hydrogel
particles. A polymer membrane labeled with coumarin was
observed. SEM observation demonstrated the presence of CaCOs
microspheres in micro-hydrogel particles (Supplemen tary Fig. 3).
After the acid CaCos P and
bacterla grew In the porous structure of hydmgel particles
(Fig. 2f). It was observed that the wall was a dense structure with
a thickness of about 10 pm (Fig. 2g). The porous structure in
hydrogel particles was discontinuous with the wall. Statistical
analysis showed that SBME particles had an average long axis
and a width axis of 715 and 443 pm, respectively (Fig. 2h). The
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