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IKIE S BE R TR 30 . Ac-HL-CONH, WY & T HIFE 74548, i T ORME IR R O BEVE T, v B N, 2
J330 nm, [FIEF, BRSERRERTDAE N SAHEAR, SOATLME RS2, (et T4 REmE T m e, SEOERWH BA
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PEZETERE M ATTE, I LA B v P B o 2 2 (AR R
P 5 5 B A0 i A8 Ak . Xing %5 PYBFSE R B, 24
Fmoc-FWH = Ik [l i A 24k (W) R TN 24 TR
(F) BURHT, 2 iA b 22 i 21 4 A8 by v FE 34 51 1
FHELF 4 . ARBZ N R T il i i AR i kK
BE B TL AR 235 46 A2 U 7T 7K B 32 ) 50 11 Ikl
KAEMIMERNA o KPP T 4TI RS 40 4%
Tk, A E LGRS AT T S A A A B 4t
TH R 2 IR R, BT S B KA
5 22 B A AH EAE FH 52 i HE R A DG R 3%
WA ISR AR, AT LS AT S
R FTFPE A A 3o o

AHLE T25 59 5 | KRR 11 5T SR AR i i /K P 2
FRAREL, FKMEEIEMRRIL, WREm (R) . #
2R (K) MR (H), etk p
fife 2, IR RETE W5 o3 T H R m 2. [\
B, SEKEIMRFHZHE T REGA/KEEER
VAR T RIS PR RE 0, SR
FEH, 3E IR K K S R R R R R K A
PR, AT AT A8 IR PR o A A P A 5 A 4 o 2
PR R SRR IR K, JEEIEAEN
2 27375 ik 55 DNA 45 BB 4 i i A T AR LA A0 B
YERDRSE AN NGB % 250, IEAnt, #F5EsEK
RILRIRFNT Z K A AT R B2 AU B 744
AN LRI i, 3 nTAEHEIE B 4 2 A
FEAN R A 0 FH o SRR ) BiF 5T & 3
30 3 R AN [ S 7K R I AR i L 47 P FLHE R A
AR B )2 (B-sheet) FOFHHNEE, H3IESASH
MILREAR, WNEFYE, P AR e 25 55 l a4
S5 L 4 R 2 2 8 iR 315 B R B PR P R 2
FERRIRR, AT A SIARE R T, AR TE )P
SERIE . XL TAERM, i MU SR K E LR iR
RS, AT DA RO 2 KA B 2347 R IF e
Hujgetl, XABHM BT & BA EEE L.

AR B2 /T T A T Bola G K Ac-
KI,K-CONH,, W™t fh i 22 R 4% 2k 43 ol o0 T
AR, W& PITE (B-strand) XFHR. KT
FEE R SR E RSN N i SeIE B 2, &k
FRANEE 3 A 76 2 WA, 326 R S5 R FE A% (] g
KAEIR SRS T &AM HEARR . i T2 TRk Y
BolaZ#t), RARFEAL THHEHRIEN, 2 7 )2
A HERL, ST R TE e TR, A —
R A NG R AR ARG+ BV Ak, TSR

0L TR ) K B4 HATR, R 0 ik 2 4
IES IR E AR, I HPIRGE R 2 FE Ac-
KI;-CONH,7rFH', Sseam (1) HATMRENB A
JRIERLRE Ty, FEAerhaT SRt K VER 0, i K
T2 MBI A E . 72 A gLt i,
Ac-KI,-CONH, 43 C i J& 5 | 1) B 55 S8 A oy S At
ZAK 5 % —4> Ac-KI,-CONH, 73 - C 3 Bk e A )5 &,
B EMEIE R ERE, N TR, LA K& IR
FRILNL T RAKW i, T IS T Bola 45 ik (1)
ghK, IR A S R EEA T, FLIRATH
X RRPR M 2E Bola BUG iR . TEZHBE IR, 5
RAE R IR 1 2R B) U E P A B 3l T WKl 1)
AR, B 25 . X8 R S R TE OB ] 57K
YERM RSN T iE— 25 R AR M R, T AR e 1y
AREEFGFF R — AR oA B il — 5%
K G IR IR I () R Mt BASK BLJE K F 42617 M 1)
S, A SCLL Ac-KIL,-CONH, Ay, il i B 35 7K
PR FR L K 20 9o HAIT R, B34 1 Ak
Ac-HL,-CONH, fil Ac-RL,-CONH,, ZRZi#%< T %K
RIETRFRIL NI RIS IR A AL TR B 5Em . ADF
FEVEHA R K& A 3 B K R IR JE 1A 1
A K E R . XMy T e Rk AE Ak
BB, 55— mnT DLRIE B 4150k
SERTE R ML T KARIE, H A0 BE 5 ok e 2
A, EEAPMERARE SR T, FIREnT L
ARG R, AT LMD SR AZ 1R . R A4S
WKL 2 SR v 1 35 K M R 5 1Y) 5 7K 437
FHA ISR IR R SRR RE 71 . IbAh, BIRIERD
RIRIEHR LT Y, PR T LS80 R-R AITH-H BHE
TR AR RGEHEE T LRI F 414 T
i, R T EK IR R 1 AR X 2 Bola U AT
K A ALBAT R RE I, 558 T AUERAARIE B sh it
T, B TORFE SRR A5 AT 2RI S5 N -1
(AR HILA

1 #REIE

1.1 ERAERE
111 JiE (MS)

Be il 1 mmol/L B4 IRIEW , 4 a-5KE-4- 52 0k
WEERR (HCCA) %3] TA30 (KRR, ZHE:
T 0.1% R OMIAiK=3 : 7) ¥, KEE
PRV, R AR S D E .
FERR WS TASOFZ IR L 1 LIRG3924), A
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FEWRAC IR 1 VR A B0 I 1 i R S AR B AR
TGS, ZIE R AP ARG B3 T4 A 3
i A
1.1.2  A-mERRA s (RP-HPLC)

Bl 1 mmol/L R KIS W, I 0.22 pm P83k
1 Y8 2 AR I AR S S AT AT SE R . R
FH C o 2 AR AH €233 53 B A Xo) 266 JoR 22 B i 5 R A 7 A
W, FEIZEFFa)n, FH AR B AR Sz gt
VEME, HrP RS A NS 0.1% =% LR (TFA)
BRAEK, BAH A 0.1% TFARIZNE, FEAK
UL 4 0.6 ml/min, HEFEREN 60 pl, KKy
214 nm, FEEM25°C, SCHCRFBREEVER, A4
WEH: 0~1 min, AH95%, BAHI5%; 1~45min,
A HH 95%~5%, B #H 5%~95%; 45~50 min, A AH
5%~95%, BH195%~5%.
1.2 &i&BECH

MR S0k, Bk B A 16 mmol/L Y Ac-
KI,-CONH,. Ac-HI,-CONH, il Ac-RI,-CONH, /& # .,
FRRCHIEATS o (RO FR i AT
R AE ek SR AR, R HIRIER A4
PR, e D T IRE S S s, BN
JEEAE 5008 1 J TOCHE A P TR 37 R4 TP RE 75 30 min
CR A R PR R B A VRS, PRIERE A IR TE 30°C
IR MG, BE2REREE, TR
BURAES, TSR AR pH
{HAE2.8~3.2 Z 0], MUA SR K S B R 23 ¢ 42
TR, AR T A 1A I,
1.3 ERAAREH —REMFRIE
131 B fEEAR

AT AEA, WA 220 min 5, KIKITHF
T FERIE AR GRAET] DAHERR B B AR
DL 1R kT AR IR ) o BERRIEEE R 0.05 mm AT
pn AT E o LR SERE T . FE
190~260 nm, 43 % 120 nm/min, £ 0.2 nm,
G BE 0.5 nm. FEHEATHESARIN Z /Y, TR
M FNHATINAE , FOBRIE T 55 FX R L i
AR, 3 YRt s O YA
1.3.2 R AL MG A

T B 1k HLO X BERE Uy i 2 0 () s, 22
JIK AR R T EK (D,0) Al il 2 KA
FEHL 100~200 wl % 5 47 1) 22 BRI 0O A 21 546 55
(CaF,) FffShrf . SEO6 BT BC 14 b SR AL A5 A
W, FEEEE S 0.05 mm AR PUIR LA,
TEFTHE I Bl 4 000~400 cm™, BEE AR B 64,

P RSN J5 75 ZEXT SIS A T 1 B SRR A 1 A
AR, e T AR TR EE BRI R T
14 SERAREHFRRENE BRI

141 JETFHEHMA (AFM)

BL10~20 pl (4 22 RO 2] T3 = B8 7 bk
TFWERFE (AN TR) A 22 BRI TR0 2 W R st ) A T] ), 1
fff2~3 min 24y, FHEESK s 28R, HHA
SRBRRWHER R RE T, BEANESG L.
P2 ' R - 45 R - R T R s AR, i
ScanAsyst 52, B il 7 1 BURE SEARE S 3
£, Pk AR A P RE . BRI HE B
10 umx10 pm, 2R HEd iR R, A
MF N 1.0 Hz, 43 #E% 4 512, F] H Nanoscope
AR AT A e A T SR o B S5 R
142 FBHHETFEHMA (TEM)

FHRS WA HL 20~30 wl 22 K37 T3 Bl B A 114 Y
M, KA SRR R QAR A AL s
JHAEGRIE) T TS e AR R IRV b, — ot
B8 3~5 min (ARAEFESA BRI ), WM e s
FHUBHARNL K 22 RS o B F oA DO 5 i P L4
(2% B0 Y FIE TR @, 6~8 min )5
FHUEARN £ 24k, B TR TR, #IE
i P2 v i 1] JEOL JEM-2100UHR % 335 5 F - 1 sk
B HNEE L R 200 KV, d5 S SO )R o1
Gatan Digital Micrograph #4740 HFI53HT .

143 LEBEFHEFBHMAR (Cryo-TEM)

B2 10 pl 22 BRI 70O S+ -, Wit
3~8sfa, M AL I 2 -165°CHIMA LH
BB S AR AT, PR AT R
mn % 7% 2R AT . I JEOL JEM-1400 i% 51 H2
F I GBS AE 29 -174°C B AR, B L R R E N
120 kV.

144 /NMATTEST (SANS)

SRR B 16 mmol/L i Z KIS W, FIH
I EHER PR (RE R A R5ET CSNS) 19/
FAFUFSO LAEAAR HEAT A5 BRAE . Hh B T
B R R LK R 1~10 A A ST, IR —
X SR LA o A T ARSI 25 ) BE B R
4m, A FHTEAR A 6 mm AORE S FLAR, fdi ] 4k
3He & B A AR 25 7] LR 35 0.005~0.70 A A HILST
Kt (q) YoMl 43 B AERE KA 10 min
1120 min {932 ST RITBURE B, RIS HORE S 9 ] 25
7ED,O i T, JEIH T DO/ AFEFR L 5, i
fb. BHFFEIE . bRUERESY (50% TALRA M) 1
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2.1 @R FHRRAERFEZIT

T, A AR - = RO €03 43 8 5 o i By
(4 6 A B P B - AT B ) T S Y X Ac-K,-
CONH,. Ac-RI,-CONH, fil Ac-HL-CONH, f*) 4i i 1
fTRAE (K S1, S2). RP-HPLC 453 (ES1) #
Y, = R KA i P v 2 S B — 1 B S g 2 0
ToHA AR B, XU AR TR S B, BT
A 4L FE AT LIGA B 98% L I MS 45K, Ac-
KI,-CONH,, Ac-RI,-CONH, Fl Ac-HL,-CONH, % )i}/
T 7E 528.3 . 555.8 1 536.8 b7 AE B Bz il (1A
S2), ArIRtI 3 4SRRI [M+H [, X5 BT
FIB{H 527.72. 555.73 F1536.69 HeA W&, KL
AT HERF=H . MS A [a)RE B T X6 P45
TR, KU RELAE T R IE R T R
o BRIz, B3 AL 2 fr e, R
AR A B Al
2.2 3MERRARERRIRFE

R T BRF T N i 7K 2 S 1 4 o) e
HARAT RN, RIFERFEEE T LR34
KA H 2T TR, KB R K A SR A o) sk 3
%5 Bola BB AR AR TR A . RO R PR3 77 4
TREZW B R G 8 B T
(transmission eletron microscopy, TEM) . Cryo-
TEM VL K J5F 1 B 4#%%  (atomic force microscope,
AFM) X RERRH BRI A T T 3RAE
2.2.1 HYATEMAICryo-TEM#EAF

B R F  e (5 TEM G = 4% 08 JIKTE i 20 %5 1R
PITESIEAT T HEARAE, BN T —4E
KEER, HIX B2 2 S5 Jre o A [ 1 T8 3 AR
sbo Y TEM 45 580, Ac-KI,-CONH, 7 /K %
W H AT T RS IR B — g ek, Hil
GMMSA — KAk, FERHPENELL
RN DTRG0 2, SRR AR R IE B T 9K A 45
., EMIRSER210 nm 24 (B la, d). it
— TR, BE T 90K, TEM E R Hhikfr
e E I HEE (twist) HPFIIRGE (helical) . [F]
IR AFTERR e ] 9K AT AR By rh A A Xy
) EZ DO, AT B 24 i A AR BE AR
THUGMRT, TEREE T B R A ARG R

BAMFEREGEM S CEUTERE M) B —#k
vt AT RIRHET RS, LT [ SR e
R AR AT AT A 2 B A P 1 93 [ 4 T AR 1) )
HE. 5 Ac-KI,-CONH, 251, Ac-RL-CONH, . H 4
I TAHKRE, EMNMRSTE17S am &4 (K
b, e) . Wit — LM aPr R, BT K,
TEM &l -t W8 55 B4 4 v R 25T iy AR Bl {H
B4R, EYORERE D, IR TIRZE
YRR TET o 3 1a I FEFH Gt A8 A Mty (14 ol
o, PEREE RS AR L. 9K IR AT g
2 PR A BTty AR Tk, T BB SR i 4 Y S5 E
WHARTI A . iR TEM 25 A8 K0, 3l ik 4
R K R, HBARBIE ST R K A A8
1k, Bk A A2 R TOKELEH), X5 Bola
5 KB AN [R] . 7F Bola BV Bk rp, 2400 KOB% 3
AE N RARFERS, Ac-RI,R-CONH,JE i, T AUZ 5440
KA, T Ac-KI,K-CONH, fit) 2H 25 fk = 352 2 4y >k 45
454 . 5 Ac-KI-CONH, #l Ac-RL,-CONH, 1 & A~
[M], Ac-HI;-CONH,JE B T B4R 454 . R
T 3RE G BA Y £5, TEM R AF I A% 3o v (0 e 4 F0 1
PR RERVEXT SRR 5 R, W52 R Cryo-TEM
XA AR RS FUE AT T i — 20 R AE (Bl 1g,
h). A[LIAEH, Ac-KI,-CONH, il Ac-RI,-CONH, JE
JRT B ARG, X B R AR (1) 11 2k Ry T 2% PR
2, IEIRRBPTE R TAOKRE S, BN RS
B 170 nm A 158 nm 247 (K 1d, ), X5 YL
6 TEM e SRR S R — 2. SR, RSTor#r
ZEIRI, Cryo-TEM 5 31 it 21 2 P4 R~ B i 4 7
o, TEM /D, X EZUEH T Ia BRI R,
T T BORE IR R o X T A IR Ac-HL-
CONH,, i TEM (/& 1c) FlCryo-TEM Kl A
(E 1) HRMIIE R THE R . R it
BB F#W, BN T 25~45 nm, [F]ET,
T Ye 8 TEM [&] 7 () 45 58 b RE B b LS8 B 27 4 iy
PEFRAE, HJCHEI8 1 TEM IR r HC e 1) .
222 AFM#FEME

R T 2k A AR R A AR e
SSFNITFPERRE, @t AFM W2 SR TE $0 64T T 3
— I HRME . WS A, Ac-KI,-CONH, 1 Ac-RI,-
CONH, g% H 2L g kg 45 (K2)., K
RETH ISR 2 1 M M8 P& s i i, i —
AU IR 0 K A4S R fR R BE A T AR R Y (18] 2a, b,
g, h)o FIH AFM B 7 0 H g B2 AT 0 i &
B, Ac-KI-CONH, J¥ il i) 41 K & 1 £ 24 4 6 nm,
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Fig.1 TEM and Cryo—TEM characterization of Ac—KI,~CONH,, Ac-RI,~CONH, and Ac-HI,—~CONH, self—assemblies
(a—c) The TEM image of Ac-KI,-CONH, (a), Ac-R1,-CONH, (b) and Ac-HI,-CONH, (¢). (d—f) The diameter statistics in TEM images and cryo-TEM
images of Ac-KI,-CONH, (d), Ac-RL;-CONH, (e) and Ac-HI,-CONH, (f). (g-i) The Cryo-TEM image of Ac-KI,-CONH, (g), Ac-RI,-CONH, (h) and

Ac-HI,-CONH, (i).

HEEDEE N3 om 24 (K2a, dELR), it
B Ac-KI,-CONH,JE i T W4 FIZ90KE . bR T 90
K, RRBER TR Z I e 254 (K 2a), XF
AR BT/ Mr Z B, 7 BT B X A e
6 nm Ze Ay, AT E XA E N3 nm 224 (K
2a, dSEER), Sl AR 2 AR, Xk
A AN T UE B T 4 KA 2 p R et e AR 1 ok 9 . XoF
T4 Ik Ac-RI,-CONH,, AFM &2 AT 45 - 5
RAKRE LR, 5 TEMES RIS B Tk,
RRIBIE N T LR, X Seat 4 A W WA
e (B 2bdaik) . 5 Ac-KI,-CONH,JE A%
TR, Ac-RL-CONH, ¥J 4 E 1Y £ 4441

A EBUKAVE ISR FIE AL T 185, eflst—
AR T AR (FI2b A HE) o 48K Ac-RIL-
CONH, 4 KA 1 = B K29 6 nm (&1 2D, e),
FERE R RE AU )2 254

it AFM RAEAU BRI BRI = R R
IR AR T B . Bl 20 87 3k B4 ]
D)7 M7 i 7 IR Ac-HI-CONH, B B T 48 40 i 22
FHFH N, AR EET~13 nm (E 2, i
SR, UHZAT M Z RS . X 5 RIK Ac-
HI,H-CONH, JE i¥ 1) 6 FHER 58 i LB AR .
A bR S5 R B R R, 7 Bola B & K Ac-
HILH-CONH, ", T MAHEREALE, 1155
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Fig.2 The AFM characterization of Ac—KI,—~CONH,, Ac-RI,~CONH, and Ac-HI,-CONH,
(a—c) The AFM image of Ac-KI,-CONH, nanotubes (a), Ac-RI,-CONH, nanotubes (b) and Ac-HI,-CONH, nanoribbons (c). (d—f) The cross-section
profile of Ac-KI,-CONH, nanotubes (d, correspond to lines in (a)), Ac-RI;-CONH, nanotubes (e, correspond to lines in (b), Ac-HI,-CONH,

nanoribbons (f, correspond to lines in (c)), The length of the line as the X-axis, the height of the corresponding region of the line pair as the Y-axis.

(g—1) The peak force error images of Ac-KI,-CONH, nanotubes (g), Ac-RI;-CONH, nanotubes (h) and Ac-HI,-CONH, nanoribbons (i).

T RXIFREEH, FEdE T AR Ml A, RRAR T
2L . X T Ac-KI-CONH,, J&ikH
AFM H W 88 5€ 45 1 FHEAE B o Wil gk — [n) @,
BATAEAR R I T D B LV TS 365 74
(HFIP) , > [ {15 A &% a] (%) 5 /K FH &0 A
FH s R SRR Y. RS, 4T
IRZ I 5% R HFIP ), 4B AARZE Y T2 L4k
o E (Kl 3a, b)), XEEGOREF4EHA B &1
fe FIHE T . T Ac-RI,-CONH, & i 1Y £ 4 Ky 45
FiE (K 3c, d). FIRGEHEEH, 85 k2s N i

REEREIFPIE, AUATLASAS L BAR B, i67]
SRR T A AR, MEE R ZS [RIZRE . ]
5 ) A ELAE FH DA B AN FIK 43 2 8] A U s T
e FECTE R A AR R . 24 KRR
J RIRFERS, Ac-RI,-CONH, A A 2 12 ] 5% fit) I &
T AR AT LUK B, 7 AR TR ) SR
HAEA, [ERSREEK R ZE S, 1 s r A
HAEA. A AR 225, XU R I EYoE T
B R J=BHHEL i, MAIMIfii75 Ac-R1,-CONH,JE )
L 48 Ac-KIL,-CONH, & 2L T FER
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The AFM images of the assemblies and its partial enlarged chirality view

(a, ¢) The AFM image of Ac-KI,-CONH, self-assemblies in 5% hexafluoroisopropanol (HFIP) (a) and Ac-RI,-CONH, self-assemblies in water (c). (b,
d) Partial enlarged view of Ac-KI,-CONH, self-assemblies (b) and Ac-RI;-CONH, self-assemblies (d).
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Fig. 4 CD and FTIR spectra of assemblies
(a) The CD spectra of Ac-KI,-CONH,, Ac-RI,-CONH, and Ac-HI;-CONH, solution. (b) The FTIR spectra of Ac-KI,-CONH,, Ac-RI1;-CONH, and

Ac-HIL-CONH, solution.
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Fig. 5 The SANS data and fitted curves of assemblies
The SANS data and fitted curves of Ac-KI,-CONH,, Ac-R1;-CONH, and
Ac-HL,-CONH, self-assemblies formed at the concentration of
16 mmol/L in D,O. The signals of Ac-RI,-CONH, were shifted
verticallyx10', the signals of Ac-HI,-CONH, were shifted vertically x10%.
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Fig. 6 Schematic illustration for the effects of hydrophilic amino acids on the self-assembly morphologies and chirality
(a) Ac-HI,-CONH,, (b) Ac-KI,-CONH,, and (c) Ac-RI,-CONH,,.
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Effect of The Hydrophilic Amino Acids on Self-assembly Behavior of Short
Bola-like Peptides
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Graphical abstract

Morphology transition
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Abstract Objective Bola-like short peptides exhibit novel self-assembly properties due to the formation of
peptide dimers via hydrogen bonding interactions between their C-terminals. In this configuration, hydrophilic
amino acids are distributed at both terminals, making these peptides behave similarly to Bola peptides. The
electrostatic repulsive interactions arising from the hydrophilic amino acids at each terminal can be neutralized,
thereby greatly promoting the lateral association of B-sheets. Consequently, assemblies with significantly larger
widths are typically the dominant nanostructures for Bola-like peptides. To investigate the effect of hydrophilic
amino acids on the self-assembly behavior of Bola-like peptides, the peptides Ac-RI,-CONH, and Ac-HI,-CONH,
were designed and synthesized using the Bola-like peptide Ac-KI;-CONH, as a template. Their self-assembly
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behavior was systematically examined. Methods Atomic force microscopy (AFM) and transmission electron
microscopy (TEM) were employed to characterize the morphology and size of the assemblies. The secondary
structures of the assemblies were analyzed using circular dichroism (CD) and Fourier transform infrared (FTIR)
spectroscopy. Small-angle neutron scattering (SANS) was used to obtain detailed structural information at a short-
length scale. Based on these experimental results, the effects of hydrophilic amino acids on the self-assembly
behavior of Bola-like short peptides were systematically analyzed, and the underlying formation mechanism was
explored. Results The aggregation process primarily involved three steps. First, peptide dimers were formed
through hydrogen bonding interactions between their C-terminals. Within these dimers, the hydrophilic amino
acids K, R, and H were positioned at both terminals, enabling the peptides to self-assemble in a manner similar to
Bola peptides. Next, B-sheets were formed via hydrogen bonding interactions along the peptide backbone. Finally,
self-assemblies were generated through the lateral association of f-sheets. The results demonstrated that both Ac-
KI;-CONH, and Ac-RI,-CONH, could self-assemble into double-layer nanotubes with diameters of approximately
200 nm. These nanotubes were formed by the edge fusion of helical ribbons, which initially emerged from twisted
ribbons. Notably, the primary assemblies of these peptides exhibited opposite chirality: nanofibers formed by Ac-
KI;-CONH, displayed left-handed chirality, whereas those formed by Ac-RI,-CONH, exhibited right-handed
chirality. This reversal in torsional direction was primarily attributed to the different abilities of K and R to form
hydrogen bonds with water. In contrast, Ac-HI;-CONH, formed narrower twisted ribbons with a significantly
reduced width of approximately 30 nm, which was attributed to the strong steric hindrance caused by the
imidazole rings. The multilayer height of these ribbons was mainly due to the unique structure of the imidazole
rings, which can function as both hydrogen bond donors and acceptors, thereby promoting aggregate growth in the
vertical direction. Conclusion The final morphology of the self-assemblies resulted from a delicate balance of
various non-covalent interactions. By altering the types of hydrophilic amino acid residues in Bola-like short
peptides, the relative strength of non-covalent interactions that drive assembly formation can be effectively
regulated, allowing precise control over the morphology and chirality of the assemblies. This study provides a
simple and effective approach for constructing diverse self-assemblies and lays a theoretical foundation for the

development of functional biomaterials.
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