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Figure 1 Biological membranes and bio-inspired porous membranes with difference pore sizes
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Figure 2 Nanoscale pore of biological porous membrane and its bio-inspired porous membrane. (a) Schematic illustration of ion channels in cell
membrane. (b) Structure of dynamic curvature nano-channel-based membrane and its anomalous ionic transport behaviors". (c) Closing and DTT-
driven opening process of the peptides CGGC modified nano-porous membrane””. (d) Schematic illustration of aquaporin in cell membrane. (e)

Schematics showing the synthesis process and the cross section structure of aquaporin-based biomimetic membranes”™!

inspired artificial water channels™

AT 34 g J O,

SR, T BT 2 FL I S A (1)
WK R BEFLIE 5 3 2 A U (2) EiBemat ke )
o O 200 o 25 B A A B v S K R L3 P
TR . i, AR TR 2 SR AL 22 S
VURLIE 45 BR A AAT D, A 38 - P Sk S e
FETRAK A NI, AAEAT 9K R E B T3 3 5 2
TR LTI, WPE2(0)IR, XA A
FHOBRAAASFLIE, 385 SN A 3 T R KA
T R A ST A, VAP B TSR, ASE
A T T MU R, TR IR
IR T T4 B FlaE %, et AL 20 b ok 4
FUAT KGR FLTE ST, PRI CG GOk e R 3 1 1
FLEE R, A BT SR A 4 8 T3 S A 45
UK AL, TR (OB R, LI v 10 i
R A TR R AR L SR LI G, T A B A
(DTTRIVERTT, WEFLiE Al Wik I, SCBal 9
BB

GBI BT 2Rk, A
LI 7K 53 A 3 280% (A QP- 1 21K 318 3 25 11 T 3 3 %
0° sy, T FLZEB XAk LA SN BTA 0  L S O B
P, M) 2 (56 FIBFSERO, Hor kG i 454

1222

. (f) Molecular structure of bio-
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Figure 3 Micro-scale biological porous membrane and its bio-inspired porous membrane. (a) Illustration of glomerular filtration membrane in kidney.
(b) Hemodialysis process of hierarchical PLP-HPG layer-functionalized PES porous membranes'*”. (c) Bio-inspired porous membrane system of a
molecule-filtrating glomerulus inspired by the glomerulus and natural sponge[s]. (d) Tllustration for the fabrication procedure of bio-inspired PVA/PAN
composite porous membrane for hemodialysis[g]
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Figure 4 Alveolar membrane and its bio-inspired porous membrane (a) Schematic diagram of alveolar pore in alveolus. (b) Separation process of

traditional liquid membrane and liquid-based gating membrane*
membrane””
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(c) Dynamic gas and liquid transport process of liquid gating elastomeric porous
. (d) Cross section and on-demand bubble manipulation process of bio-inspired elastic liquid-infused membrane
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Figure 5 Stomatal and its bio-inspired porous membrane. (a) Schematic illustration of the opening/closing process of stomatal under intense and no
sunlight irradiation. (b) Pore structure turned on/off process of a leaf-like mG/PNIPAm membrane under solar irradiation of different intensitym]. (c)
Opening/closing process of ferroporphyrin molecules gated membrane under NO/light activel®”. (d) A reversible contraction and expansion change of

AZO-PDDA supermolecules at UV region[ 1
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Figure 7 Application of bio-inspired porous membrane in energy. (al) Schematical illustration of the self-made electrochemical device for I-V
measurement. (a2) Power densities of the hybrid under a series of salinity concentration gradient[64]. (bl) Schematic of tandem cells with NaCl solutions
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. (c1) Schematic of hemodialysis membrane. (c2) BSA adsorption amounts onto the membranes'”’
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Porous membranes are one of the research hotspots in the domain of separation materials and have been widely utilized in
various fields (such as water treatment, energy, biological medicine) due to their high separation efficiency, low cost, and
non-secondary pollution, etc. However, there still exist many challenges in their application process, such as low
selectivity, poor anti-fouling, poor responsive, critically limiting its development. Recently, bio-inspired porous
membranes offer a brand-new idea for solving those problems and are becoming one of the most exciting research areas in
porous membranes field. Compared with traditional porous membranes, bio-inspired porous membranes, designed by
imitating the unique pore structure and separation performance of biological membranes, display distinct advantages in
selectivity performance, antifouling property, intelligent gating property, and intelligent response property. This critical
review detailedly presents the recent developments of bio-inspired porous membranes with multi-scale pore structure. In
this paper, the first section mainly gives a brief introduction to the pore structure, separation selectivity, and response
property of both nano-scale biological membranes and micro-scale biological membranes. Among numerous nano-scale
biological membranes, the most concerning to date include cell membrane with ion channel, cell membrane with
aquaporin, and glomerular filtration membrane. Ion channel embedded within cell membrane provides ion selectivity, ion
current rectification, and ion gating characteristics to cell membrane. Inspired by this, novel porous membranes with
excellent ion selectivity are developed for regulating ion permeation. Meanwhile, aquaporin can let the passive transport of
water across cell membrane while simultaneously excluding ions, offering a new strategy for designing bio-inspired porous
membrane for high efficiency desalination. Glomerular filtration membrane with the nano-scale pore can prevent the
filtration of blood cells and platelets, and removes most of nano-scale molecules from the blood. Inspired by its unique
filtration property, various bio-inspired porous membranes have been designed for clinical kidney replacement treatment.
Additionally, the micro-scale porous membranes in nature mainly contain alveolar membrane with intelligent gating
property and leaf stomata membrane with intelligent response property. By imitating the alveolar membrane, liquid gating
porous membranes with intelligent gating property are developed, achieving for controlling the movement of fluids,
vapours, and solids. Learning from leaf stomata membrane, intelligent responsive porous membranes are also designed,
and can be applied in controllable transmission. For preparing the high performance of bio-inspired porous membranes, the
designed strategies are also introduced in detail. The second section has further outlined the applications of bio-inspired
porous membranes in water treatment, energy, biological medicine, and substance detection. In water treatment field,
aquaporin-based bio-inspired porous membrane possesses better desalination performance than traditional porous
membrane. In energy field, bio-inspired porous membranes offer unique ions selectivity and ions transport, thus enhancing
energy conversion efficiency in salinity gradient energy capture. In biological medicine field, alveolar-like liquid gating
composite membranes can be utilized for fabricating artificial blood vessel with anticoagulation and drug release
properties. Moreover, bio-inspired porous membranes with porous support and thin separation layer are demonstrated as
hemodialysis membranes for the treatment of kidney disease. In substance detection, visual and low power consuming
chemical detection of specific analytes can be achieved by liquid gating composite membrane. In the last section, future
challenges in theory, preparation technology, and application of bio-inspired porous membrane are presented, providing an
overview of the various solutions. Ultimately, continued efforts to relative research and materials development will
promote the rapid development of bio-inspired porous membrane.

porous membranes, bio-inspired, biological membranes, nano/micro-scale pore
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