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Abstract Biomolecular self-assembly plays a significant role for physiological function. Inspired by this, the construction
of functional structures and architectures by biomolecular self-assembly has attracted tremendous attentions. Peptides can be
assembled into diverse nanostructures, exhibiting important potential for biomedical and green-life technology applications.
How to achieve the structural precise regulation of various nanostructures and functionalization by precise control of struc-
tures is the two key challenges in the field of peptide self-assembly. As the assembly process is a spontaneous thermodynamic
and kinetic driven process, and is determined by the cooperation of various intermolecular non-covalent interactions, includ-
ing hydrogen-bonding, electrostatic, n-n stacking, hydrophobic, and van der Waals interactions, the reasonable regulation of
these non-covalent interactions is a critical pathway to achieve the two goals. To modulate these non-covalent interactions,
one of the common used methods is to change the kinetic factors/external environment, including pH, ionic strength, and
temperature, efc. These kinetic factors can effectively influence the interactions between peptides and solvents, resulting in
dynamic and responsive variations in structures through multiple length scales and ultimate morphologies. However, the fatal
disadvantage is the lacking of the precise regulation of assembled structures in the molecular level with consideration of both
thermodynamics and kinetics. Compared with changing the external environment, the specific and precise molecular design is
more favorable to achieve the structural precise regulation. The molecular structures and the component of building blocks
can be rationally designed. For example, one can modulate the interactions between two or more than two building blocks by
changing the physicochemical properties of each building block, enabling self-assembly and structural diversity of the final
nanostructures. Furthermore, by combining peptides and other functional biomolecules (such as porphyrins), the functionali-
zation of assembled nanostructures and architectures can be achieved more easily and flexibly. In this review, we will focus
on the structural precise regulation and the functionalization of assembled peptide nanostructures. It is believed that the pre-
cise regulation of nanostructures is promising to promote the development of peptide-based materials towards green-life
technology applications.
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Figure 1 (a) Structure transition from nanofibers to nanotubes™®! and
(b) chiral structure transition™® by rational designing of molecular se-
quence

WIRYT5 FF o FRAESEAS, MWfENERRER
W R B AT N, SRR IEEEH ITE FF 4
b it B O S SRR, N B R
(R B VA 75 T DA 2 52 FF 43 F/F C=0 Al N—H
EBEER,; SR M LLUES FF 4 FaEKEN
o] A PR, e G BN KT 4 DL S gl K S 1)
TE K.

Xu SR A A A% 0 2 IKEAT T 40 F3EH A
o, 2R R - TR A, AT LS F
[F 21 AL S5 R RIS, 12 e ELA AR AT R AR W St 25 1k ELR
T AN K RO AR PR IARYE, 15 RT U £F 4k 45 1
R AN [ 2 A6 PR AR — K 49 T T A B A i /K B [ A
R fE R R AL E R &R
222 #Whfen-ntEA 25

— LR, BKIERSHESEARSY TRE, H
FEFTTE R R AR MR 22, TEARAM B Y IR R A
FAER 2 A SRR R A iR A 2. ISRk, FIFH —ondisrtt
WA F/BRRI A YD R A I sE e s VE F, T DL 43
TE R, I3 e B A SRR A e v, 23|
A2 90, Yan S5 AN IS 8 L (HSA) F
A T R R R R B CR-L-H R, PLL)[RI i
FLAE A 2T BRI 29 R () 2). BRER R AZ ]
DL HSA F PLL ¥R 5 DA K pH 25 R R AT 5. TRk
(I BRER A BE T 51 BRI PE /N 7 (B FE Ykl 2 F) BA
FAE RSy F (W & B hE . B A RS, 78] sk
IKEEPE 57 Lo Je B a0 ekl 27, AT AT DA 1 Fh
BT E A EY A RIS T 0, N 7R A [F] Sik.
B, K emon AR BIRER T, B RERERE A AR L
BEAEH(PEG 1), AT T ppis e sh J1iar el

FIF k5 ko T L B M S 2 FLER T 4544 1E
FRYEZAT N, RO A B0 A A — ks A 1E A
[FF]", T bk 5 H il 2 1) 25 3 AL 1 2 i 5 B Fl

38]

Acta Chim. Sinica 2017, 75, 933—942

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

"and cross inking

B 2 HSA A RHEMH PLL 889 AR B 38 SR 2459
PR E B

Figure 2 Schematic illustration of the fabrication of protein-based nan-

ospheres by co-assembly of negatively charged HSA and oppositely
charged PLL!*
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Figure 3 (a) Schematic illustration of the fabrication of spheres and
fibers by assembly of TPPS with FF and KK, respectively**, (b) SEM
image of the spheres assembled by TPPS and FF, (c) TEM image of the
fiber bundles assembled by TPPS and KK, (d) schematic illustration of
the fabrication of photothermal nanodots and (e) TEM image of the nan-
odots™”
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Figure 5 (a) Schematic illustration of the fabrication of peptide-POM
hybrid nanospheres, (b) TEM and (c) HR-TEM images of the hybrid
nanospheres®” and (d, e) schematic depiction of the fabrication of nano-
fibers and nanospheres assembled by peptide with different POM"
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Figure 6 (a) Chemical structures of Fmoc-Glu and Lys molecules.
AFM images of (b) left handed helical fibers formed by Fmoc-(L)Glu and
(L)Lys, (c) right handed helical fibers formed by Fmoc-(D)Glu and
(D)Lys, and (d) straight fibers in the presence of metal ions™!
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Figure 8 TEM images of (a) crescent-like, (b) bowl-like, and (c) spher-
ical nanoparticles assembled by FF-GA,-FF, which formed by covalent
interactions between FF and GA (The scale bar is 200 nm)™* and (d)
Schematic illustration of nanoparticle disassembly due to electrostatic
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Figure 11 (a) Schematic illustration of light reaction and dark reaction
in natural chloroplast, (b) molecular interactions between peptide and
Zn*', and (c) schematic illustration of the fabrication of Zn®'-directed
assembly of cystine with encapsulation of TPPS and enzyme for photo-
enzymatic reactions!
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Figure 12 (a) Chemical structures of P18-PLGVRG-RGD, and sche-
matic illustration of the formation of fibers due to the breakage of
PLGVRG under enzyme stimulation. (b) TEM image of the fibers and (c)
retention of fibers in tumor sites to improve photoacoustic imaging signal
and tumor therapeutic efficacy'™!
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Figure 13 (a) Chemical structures of PAPP-DMA, and the detachment
of DMA 1in acidic environment and (b) schematic depiction of the assem-
bly of PAPP-DMA into nanoparticles, and their application in photody-
namic therapy!®”!
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Figure 14 (a) Schematic depiction of the fabrication of nanoparticles
assembled by Ce6 and CDP, and (b) SEM image and (c) photodynamic
therapy of the nanoparticles'®!
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Figure 15 Schematic depiction of the fabrication of Hep-PLL nanopar-
ticles, the attachment of these nanoparticles on red cells, and the drug
delivery of nanoparticles attached red cells in blood vessel”"!
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