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Molecular Simulation Study on the Self-Assembled Morphologies
Regulation and Photo Response of Azobenzene Derivatives of Short

Peptides

Wang Yining (Material Science and Engineering)

Directed by Prof. Zhang Jun
Abstract

Driven by non-covalent forces such as hydrogen bond electrostatic interaction, short
peptide molecules can self-assemble and form ordered nanostructures with different
application values such as tubes, vesicles, fibers. By modifying the environmental response
groups of short peptide molecules, the self-assembled structure of short peptide can be
endowed with environmental response characteristics, which is an important way to prepare
environmentally responsive smart materials. However, how to effectively design the structure
of short peptide derivatives to obtain self-assembled nanostructures with specific

morphologies and environmental response characteristics is still a major challenge in the field.

In this work, we developed the molecular design of short peptide derivatives using
coarse-grained molecular dynamics simulation, and investigated the self-assembly
morphology regulation and environmental response characteristics of short peptide derivatives.
We designed two short peptide derivatives by coupling azobenzene group into dipeptide FA.
Based on this, photo-responsive self-assembly vesicle system and photo-responsive
self-assembly hydrogel system were constructed respectively, and then we explored their

self-assembly and environmental response mechanism.

For the vesicle system, after F(azo)A molecules were assembled into vesicles, we
investigated the photoinduced structural changes of vesicle by changing the included angle of
azobenzene. We found that the vesicles could be transformed into rod-shaped vesicles
reversibly. Meanwhile, the permeability of the vesicles increased. We added dipeptide FF to
the assembly system so as to accelerate the formation vesicles and adjust the size of vesicles
through enhancing the aggregation tendency of molecules and the bending ability of lamellar.

We maintained the response characteristics of vesicles as well.
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For the gel system, bisazoFA molecules designed by us could be assembled into the
crosslinking network, and transformed into the uncrosslinked linear structure after
photo-response. This change also resulted in a decrease in gel viscosity. We also added FF in
anticipation of obtaining different assembly structures. It was found that FF made the
assembly undergo reversible lamellar to network changes under the action of UV-visible light,
and realized the reverse control of gel viscosity before and after the response. In the assembly,
FF always maintained the bilayer structure, while the assembly structure of bisazoFA
molecules had a great difference, which was also the reason for the change of the assembly

structure after the addition of FF.

Here, we clarify the effect of azobenzene photoisomerization on the assembly of
different types of molecules, which helps us to design the molecular structure reasonably to
obtain the assembly with the target structure and function. Dipeptide FF can be used as a
regulator to present another morphology control measure in addition to response by clarifying
the role of FF in the assembly process. These studies combine two morphologic regulation
methods to clear regulation mechanism, deepen the understanding of self-assembly and

provide reference for the design of short peptide self-assembly materials.

Key words: Short Peptide, Self-assembly, Azobenzene, Molecular Dynamics Simulation,

Coarse-Grained
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Fig.1-1 Noncovalent interactions in peptide molecular self-assembly. (a) Isomeric peptide
amphiphiles assemble to form different one-dimensional nanostructures’™; (b) Conformational
changes of NapFFKYp before and after adding water to mica®; (c) Different aromatic group
aggregation methods are adopted in different solvents!'!l; (d) The end charge controls the spin of the
fiber!!s!
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Fig.1-3 Application of responsive short peptide self-assembly. (a) Ph-responsive vesicles are used for
drug releasel*!l; (b) Multiresponse hydrogels realize gel-sol transformation under different
conditions!*S!; (c) Injectable hydrogels are used as support material for surgical sutures'>”; (d)

Photoinduced syneresis gel is used to water purification!¢¢!
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FAEICTITIS, BRF i A i D s A o Bk e DL B R P AL o B S I R X B B T4 %
FIRORT <5 B €00 81 26 BR T (U DU 1, I B DR 2 ) B e dE R RS i 47 R 190 40 T i AR 23
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2H 26 T30 N 73 0 B S0 SR R IE SR AR, HOIR S5 44t BAE FFF & 5 40 L
0.167-0.33 JEFE N, FIBLERZ AT 200 1] AR GUK S5 R 5L AR IR T B 254 o FRARGK &
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ZERE, FF 5 HAEMRECHEE FF ik (QF/FQ/AF/FA/GF/FG) L2H%:, TERN
N FEN, 5 B HEERE BRI 0T 55 & ik (DF, FD, EF, FE, DW, WD, EW, WE, RF, FR,
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A TR SR IR BR 2 s 2 4 o JE I A EAE FH )40 AT, IR SR S5 R T A P T r-n AR L B
IKAHEARF . AR BAR FH B3RP, X st FF A DG IR IL 20 3 Se il AR M gk
R A A i A i = v

a Toroid b Nanotube € Nanovesicle d Nanorod € Nanosphere
. Low aggrega- Self- FD,DF,FK

tion propensity | _ assemble  FE EF KF
L WD, DW, FR

WE, EW,RF
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B 1-4 FKESTFIIHFEEKBERFRMNA. (a) FF 55 FNF LA FIRIG0K 5117
(b) FF # FFF Rt AR IBARERBKPREH; (o) 85 FF HAREE FHKREHEIFE
FF ik B F 3L e 45 417
Fig.1-4 Application of coarse-grained molecular dynamics in self-assembly of short peptides. (a)
Coassembly of FF and FNF to form different nanostructures!”™!; (b) Coassembly of FF and FFF
peptides leads to different types of nanostructures’; (¢c) Non-FF dipeptides coassembled with FF to
form ordered nanostructures and their coassemblies!”!
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VUSKER T A4 18 F1- M BR 7 HI T SRS il M 7R 70 7 A G5 4 A 2 A i (81841,
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221 WMRMREERLER
EWSCH, AT T MR R IR E AT A 4 T F(azo)A K bisazoFA, f137ikH
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(828385861, Ha) e (R RDRLAR AR AN ] 2-1 P

Bl 2-1 (a) F(azo)A HIFEHRIAL; (b) bisazoFA HIfEKI{L
Fig.2-1 The coarse-grained mapping of (a) F(azo)A, (b) bisazoFA
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Table2-1 Angle variation of SC4-N0-SC4 for simulating the irradiation of visible and UV light

Irradiation Isomer Angle(deg)
visible trans 180
uv cis 60

222 RUSHIEE
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F(azo)A FF

Bl 3-1 (a) F(azo)A K& (b) FF & T E5HIFFDRL R B
Fig.3-1 All-atomic configuration and coarse-grained mapping of (a) F(azo)A and (b) FF
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RAFiEFE, AT T BRI,
#3-1 ET FF WRNBEETES T RRAREN

Table3-1 Azobenzene derived molecule based on FF and its assembly structure

Name Structural Fomular Coarse-grained Model Assembly Structure

FazoFazo

azoFF

F(azo)A

ST REORALT M EE L AEMEENIER I, AR TR E0E h, HesEER B R
RN, TENRIEMBERIEE, RS T azoFF. WO THIRAR G LR, azoFF 5
FazoFazo 124, RIER/KEE A 2, 10 A 2E A7 BAS R v] GE 1 41 3 S5 A AN [ o AR A 3 4544
azoFF [FIFFHUE RS, ART WS T2, azoFF SO MERE . X2HF0 7+
SRR KA B IR 23 5, DT 228 e TE R () SR B o SR A R A B B T Ak
F o TR NI, HETEE RN, Mo TIA 2 Rk,

R4E EIRGER, NN T R FIE, BECRALT K7 e — s T Re A
F], £T H-(L)AzoPhe-Phe-OH LA K FazoFazo MIZHAE 455, T ik /b 20 7 2R 3R
i, 16 FF &80 5| NMBRER, IR RN F B3R E IR A, #E5 T Fazo)A.
IS F(azo)A [ E AN, 1%5r 7 7T LURIETE 512, BEASLUMAT 5] 4k 238
W TR RAEWR MG, BEEMRTEHEER. BOMEERA T2 5 e 8 2
Mgy, EHTEERRES T 0, NIPERm AR FazoFazo 23, Al
H-(L)AzoPhe-Phe-OH AH EL, AN 75 SRR 4 VA 7] 38 5i S0 B A FH A6 W 2H 268 0% Jlo P 75 2 IR 926D,
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MRAEHT IR, FRATEREIET K FA I REIRATA ST F(azo)A VAT TN & .
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FE1, F(azo)A 73 ¥ HASMILMEA T T LU R B — =240 B 4 T Gl 2 56 % B/ A
%, MR B RE TR TR, W ZHEERE, RS SRR NS
KX TR, B A2 6 ps I, RSTECRIIRU> 12 I 25 il BEARDU H] )
W, SRR, ARTAME RN, WIIRETIT 4 ps. AR R EEIRIIY AT
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, 0 ps 2 ps 4 ps
(@) < (O) IS

© [\ it @

F(azo)A

10 ps 8 ps
© (®) [

Bl 3-2 F(azo)A 7} THIBARKIRE
Fig.3-2 Self-assembly process of F(azo)A molecules
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MIRIPERCR, A5 MEE BRIy THREBOVEE, WIS FF 555 R L6k
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Fig.3-3 The diagram of the arrangement of molecules in the bilayer. (a) for F(azo)A; (b) for F(azo)A
and FF
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Fig.3-4 Self-assembly of F(azo)A and co-assembly of FF and F(azo)A at different FF ratios. (a)
Snapshots of the initially randomly dispersed states and the equilibrium configurations at 10 ps of
four systems with increasing FF mass fraction ratios. (b-e) The SASA fraction of the mainchain of the
hydrophilic, F(azo)A sidechain and FF sidechain for each simulation as a function of time. (f-i) The
average contact number between F(azo)A-F(azo)A,F(azo)A-FF, FF-FF for each simulation as a

function of time
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Fig.3-5 Time evolution of the number of clusters at different FF mass fraction ratios
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Fig.3-6 (a) Preassembled bilayer structure. Density distribution of F(azo)A(b) and FF(c) with
bilayer centroid distance. (d) A schematic diagram for calculating local molecular angle. The
probability distribution of angular variation of F(azo)A (e) and FF (f) at intervals of 1 nanosecond
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Fig.3-7 Bending capacity analysis of preassembled bilayer. (a) Snapshots of the pre-assembly
configurations at 500 ns for four systems at different FF mass fraction ratios. (b-e) Distribution of the
surface curvature angle for the each bilayer.(f-i) The distribution mapping of FF on the bilayer at

different FF mass fraction ratios
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Fig.3-8 Photo-response characteristics of preassembled vesicles. (a) Snapshots of the initially

vesicles and the configurations at 4 ps after photo-response for four systems with increasing FF mass

fraction ratios. (b-e) The SASA fraction of the mainchain of the hydrophilic, F(azo)A sidechain and
FF sidechain for each simulation as a function of time. (f-i) The average contact number between
F(azo)A-F(azo)A, F(azo)A-FF, FF-FF for each simulation as a function of time
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Fig.3-9 Analysis of aromatic stacking mode before photo-response. (a) The FEL of aromatic
stacking modes between F(azo)A molecules plotted as a function of their centroid distance and angle,
in systems at different FF mass fraction ratios. (b) (c) Same as (a), but (b) for F(azo)A-FF, and (c) for
FF-FF. The left conformations show the perpendicular stacking modes between the pairs of residues
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Fig.3-10 Analysis of aromatic stacking mode after photo-response. (a) The FEL of aromatic
stacking modes between F(azo)A molecules plotted as a function of their centroid distance and angle,
in systems at different FF mass fraction ratios. (b) (c) Same as (a), but (b) for F(azo)A-FF, and (c) for
FF-FF. The left conformations show the perpendicular stacking modes between the pairs of residues
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Fig.3-11 The probability distribution of residue pairs forming parallel, herringbone, and
perpendicular stackings before and after photo-response in different FF mass fraction ratios. (a-c)
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Table 3-2 Changes of surface area of the assemblies in the system after light response

Surface area of assembly before and after photo-response(nm?)

FF ratio 0/1 1/9 1/7 1/5
Before 2676.61 2630.86 2635.73 2618.40
After 3238.29 3091.88 3003.62 3019.55

After/Before 1.21 1.18 1.14 1.15
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Fig.3-12 Structural transformation of assemblies in multiple photo-responses under different FF

mass fraction ratios
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Fig.3-13 Analysis of the permeability of vesicles after photo-response. (a) Snapshots of the initial
vesicles and the outward diffusion of water molecules in the vesicle at 4 ps after photo-response for
four systems with increasing FF mass fraction ratios. (b-e) The changes in the outward diffusion of
molecules in a vesicle during the photo-response of each system
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Table 3-3 Changes of volume of the assemblies in the system after light response

Volume of assembly before and after photo-response(nm?)

FF ratio 0/1 1/9 1/7 1/5
Before 1896.54 1842.53 1818.48 1798.67
After 1769.97 1741.35 1740.26 1719.64

After/Before 0.93 0.94 0.96 0.96
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Fig.4-1 All-atomic configuration and coarse-grained mapping of (a) bisazoFA and (b) FF
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Fig.4-2 (a-h) Self-assembly process of bisazoFA molecules. (i) Enlarged schematic of the assembly
structure
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Fig.4-3 Self-assembly of bisazoFA and co-assembly of FF and bisazoFA at different FF ratios. (a)
Snapshots of the initially randomly dispersed states and the equilibrium configurations at 4 ps of
four systems with increasing FF mass fraction ratios. (b-e) The SASA fraction of the mainchain of the
hydrophilic, bisazoFA sidechain and FF sidechain for each simulation as a function of time. (f-i) The
average contact number between bisazoFA-bisazoFA, bisazoFA-FF, FF-FF for each simulation as a

function of time
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Fig.4-4 The enlarged schematic diagram of assembled structure at 1/5 mass fraction ratio of FF

before photo response
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Fig.4-5 Time evolution of the number of clusters at different FF mass fraction ratios
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Fig.4-6 Photo-response characteristics of bisazoFA and of FF and bisazoFA at different FF mass
fraction ratios. (a) Snapshots of the initially configurations and the configurations at 4 ps after
photo-response for four systems at different FF mass fraction ratios. (b-e) The SASA fraction of the
mainchain of the hydrophilic, bisazoFA sidechain and FF sidechain for each simulation as a function
of time. (f-i) The average contact number between bisazoFA-bisazoFA, bisazoFA-FF, FF-FF for each

simulation as a function of time
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Fig.4-7 The enlarged schematic diagram of assembled structure of FF mass fraction ratio at (a) 0/1

and (b) 1/5 in the systems after photo-response
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Fig.4-8 Analysis of aromatic stacking mode before photo-response. (a) The FEL of aromatic

Perpendicular

stacking modes between bisazoFA molecules plotted as a function of their centroid distance and angle,
in systems at different FF mass fraction ratios. (b) (c) Same as (a), but (b) for bisazoFA-FF, and (c)
for FF-FF. The left conformations show the perpendicular stacking modes between the pairs of

residues
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Fig.4-9 Analysis of aromatic stacking mode before photo-response. (a) The FEL of aromatic

Perpendicular

stacking modes between bisazoFA molecules plotted as a function of their centroid distance and angle,
in systems at different FF mass fraction ratios. (b) (c) Same as (a), but (b) for bisazoFA-FF, and (c)
for FF-FF. The left conformations show the parallel and perpendicular stacking modes between the
pairs of residues
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Fig.4-10 The probability distribution of residue pairs forming parallel, herringbone, and
perpendicular stackings before and after photo-response in different FF mass fraction ratios. (a-c)
are the probability distributions of bisazoFA-bisazoFA, bisazoFA-FF, FF-FF before the response. (d-f)
Same as (a-c) but for after response
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Fig.4-11 Structural transformation of assemblies in multiple photo-response under different FF

mass fraction ratios
442 BEMEHEZWL

A B S AT A ) S AMAE GBS R HUE 3 B T 2 a8, a5 iUk
RE, S0P Sk (AR A K, oM Y G 1 22 O R AP 2 3R T e 7 L 4 e 45 38 1
AT ARG 3 A5 A A TR R WL e A TR 0ot 346, R AR RS K B
[P 2% v AT PR R R AR, T AR AR R (AR A, AR A A L R S s A R ]
. Rl RETIE R 2 or TA EEE U0,

M ESR PR, AR SRR N AT S A BN R SR A A, HEIX AP S5 H AR 2
SRR A 2 BRGSO U BB 0 53 o R AP AT T3 T RSB v B 5 R E il 7 i s 1)
RiEARA (B 4-12) R W BRI BT AR . fET FF AR &b, G0 5 5 2H 26 74k
YR R B AN TSR, FLTH SRS BEAE A B S A R R B 7B FF AR R,
LW N Ji5 v J2 G AR A AT IR 46, L SRR FEE AR I B S 36 00 o FRAT TR F 4 364k SASA
AR REIX — L% . HHE 4-6 (b) AT, 7E bisazoFA HZZEA R, Aok 4
W FE G KMIEE, WSS IR SASA 3 BUER IR /)N, ZH R A (I 7 Bk 5 B A8/ EH FF I
SRR, SFRIE SASA P HISN N, RIS FF R @ 1IC, BENH AT SASA £

47



SEIUE um REER R ZR A RS

Wi N7 Je 2 SN ) RV 7SR B b N o R B A 3 XV T BELAS (R B, A A AE VR 77 v B
PR B, S5 11 B R A AR, FHAS R, R AR R, S AR
WKL o PRIHOG TS S 85 M AR W] A RO AR A B AARG T, Rk R 2 58 F FF,
HAACABE A, FF LA Sl B AORG EEAR A St DR e ml AR Pl /5 A4 R
JRAEEEE IR FE LALA NI EE o

=== Before photoresponse
I After photoresponse

5.0

25

0
0/1 1/9 1/7 1/5

The mass fraction ration of FF

Viscosity(mPa-s)

B 4-12 [ FF 57 Bl 2 4 4t e B R /5 BRRG BE22 b
Fig.4-12 The viscosity changes of assemblies before and after photo-response at different FF mass
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