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AUBAT R IREE , BB T AR IR AL . R WFSEERM, Ac-KI,-CONH, il Ac-RI,-CONH, ¥ 1] [ 410 il ELARAL K
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HONANE, JF Ha R v R bl o 2 e AR R 5 e
B2 528 k. Xing %5 2V RS & B, 24 Fmoc-FWH
Rk EERR (W) BORNEARR (F) BURHET,
LA R 2R AR AR Ry R E R ST A e AR 4 . AR IR
OV B J 7 1 ann] 3 Ak eACAR i A A B 1 T L ART 245 44)
FRZ U BK FRFE DN, I ARG KA B SN R N
o XREET o FiatrRaniasE ik, S HEL
YRR ZERE AT TN R ASEAR AP it TR A LR
LIRS ERIT, BT A A s K N 2 (8] 4 AH EAE
SERZM HHE BRI OGN 2R, T X A
YERT, ATRASCIXT AT . R A5 04
AR

AH L T2 5 5 | RS IR 1 ot SR AR 1) i K P 2
PRERIE, FAKME MR E, WHER (R). M
AR (K) Ml (H) nlfe st 2 IR i
fife 2, IR REMTE W5 o3 A T HER T 2. [\
Bf, KRR Z HE T RAFRKEE
YA RS RIS PTRERE 2, SR
FO, 38 b R T B K 2 R R AR R S K s
M2, P RA AT iz i 23R P s I A R 4 i 45
PP B SRR I AR, AR IS AR
4 e 25 375 1K 5 DNA %581 25 4 Br b A7 A E 40 A0 A
VERRSE LA N g% 20, IEAnt, WFFEsEK
FAIETRIR LN Z2 K A AT RS2 AR B T4
SR AL AT vk, A TR HEIE B A 20 e 1A
FEANTR) SIS o o A P IR O o R
30 A R AN ] 2 7K SR I AR g FEL ey ) FELHE R AR
AT B )2 (B-sheet) RYHHINEE, HHIESAIR]
MILHZAR, NEFYE | A MR 2540 55 5 A
S5 L A8 R 20 2 iR 5 B ] s 5 R P R Al 2
FERRMIRR, ATAREARER R T, AR ERTE Ty
ZERIE R, XL TAESRD, Wi e 3 K B iR 5%
FEFZE, AT DA RO 2 IR 34T A T et
Huigetl, XOEHAM BT & BA B2 L.

O AT 15 7T A A T Bola 71 %8 K Ac-KILK-
CONH,, 5t T A & R % Jk 53 i 5 1 S oK
vit, W5#& P& (P-strand) XJFR. K> TAEH
BRI ERRVE SR EN S SSIE B )R, a )
e ATE )2 o X 86 7 R S5 R LE M ) g K AR
HEERSN T A m e . BT 40 F 5K % Bola
ghiky, KRKRBELTHmEARIER, 2T 200
mERR, SECT RIS IR, BT Pk
NG RA Y IR G K BV, R RGEH LK
G R RR B ALEA TR B2, AR T AR

PR B K R B HATR 2, FF5E T 25K PE (L R
(R T Bola 20 4 JIK 11 2 255 1A 48 4y N T2 S5 1 2
M. 7F Ac-KL-CONH, 7>+, Fmadi () HA
R B R ZEEE 1, gl e rh] St e K 7 H
1, W KT ZMCRK AR R E . A
Rt FEr, Ac-KI-CONH, 2 ¥ C i fR 3t | iy Bk 3
ANE N A Z K5 55— Ac-KI,-CONH, 43+ C Jiij
PRk 5 3k I EUE el PR R A, R
FK BRI IEN T R Wi, JEMZELLIT Bola
RV R RTE R A 4138 R iR A oG, R
oA LI IR BEFR M2 Bola BV K . AEL3E b,
TIRARAE SRR R ) SR R K Sl T T A
TR, TR JZE5 . X8 2 A5 R e M BE (]
B KAE TSR E) T gE 28 A A=l HEAR, T e e
(Rt R 25 4 I E— 2D AR S g oRAE B itk — 2
B K G MR e 1) 4ot B Sk SRS IR ) 4 21T
WL, AL Ac-KIL,-CONH, A Hz, 38 14
FARMEREREE K A3 A e H AR, 83 Al T 4
Jik Ac-HL,-CONH, #1l Ac-RI,-CONH,, RS %% T 3¢
IR BB TR IR I AR S IR A LA T s . A
WS A IR 3 AT 3 A B K LR SR L T 1
KA SRR . XS — T A5 48 AR TE K
W EA AP, 53— RO AT LAGRAIE [ 202
TRGEFIIE s AHEE T KR EL, H A M BE 2 ok ms gk
A, EEAPAER ARG H T, FIeREnT LA
REHGR, AT DM SR 2 1R . R AINEE
WKL~ 2 SR 5 v 9 315 K M R R 1Y) 5 7K 43
FHA ISR I 2 R SR RE J1 o IkAh, ARIEAN
IKIRIEHR L Y, T LS80 R-R ATH-H BHE
TXRIE R, AR5 RSG5 T LR RRAY [ 41361 T
K, R T SRR E LR GRS 0 R X 2 Bola K
FKE AT R REm, 5% T BT s a8
P, BB TR R ERR Y 5 | AT AT S0 A 4%
(R HILTH

1 SEIgigit

1.1 jERk&hERA4E
1.1.1 S (MS)

Beiil 1 mmol/L MKW, ¥ HCCA (o-FHE
4-FRFEPNVEERR ) AR TA30 (IAFHLL, 2. &
0.1 %=L MAiK=3: 7) W+, R~
VA L R o R AN RO B Ol B R R
WIS TA30 P BBIRFRLL 12 1 &R B3
5Y, FUHARSBARTE 1 Wl TR R I 2 -4 (R RE
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Bk, % FKEERITEBolaZiE ik B AT AR *3:

M b AR TIREE S, Z ik AT R G T
SRR B TRE I
1.1.2  A-mERGRA % (RP-HPLC)

Bl 1 mmol/L R KW, A1 0.22 pm 383k
1 8 A AR I AR S S AT AT SE R . SR
FH C o S AHBAH €233 20 B A Xof 2 oK 22 R 4 3 64 7 G
W, FERZEFRRUR, FH AFHRT B AR Sz gt
VR, H s A H S 0.1% = LR (TFA)
FkRaiK, BA A S 0.1%TFARIZIE, Tah e
HM 0.6 ml/min, #EFEHRE N 60 pl, KM K 214
nm, FEER25°C, SCECR MR VENL, AR E
4. 0~1 min, AH95%, BAHH5%; 1~45 min, A
#H95%~5%, BAHH5%~95%; 45~50 min, A AH 5%~
95%, B#H95%~5%:
1.2 BRECH

MR S0 ok, Bk B2 16 mmol/L Y Ac-
KI,-CONH,. Ac-HI,-CONH, Fll Ac-RI,-CONH, 5
BRRCHIETS o RO ER FR A AT
B e AR BORA A, S R R BER > 4
WhEdR, e a2 s, HEH
JEEAE 008 1 J TICAE A P TR Y R 4 PR 7 30 min
CR A R R T B AVKAS , PRI A IR EETE 30°C
IR MSESHG, BE2IREREE, TR
B1REAS, TR, FRFE B pH
{HAE2.8~3.2 2 0], BB SRR IR ¥ 23k 78 & i
AR, B 1N IER AT .
1.3 ERAFRERN - REHFRIE
131 B =@ (CD) Al

HAITHFAS, B 20 minf5, KKITIF
T FERIE A G AT DUHERR BB AR
DL 1R T AR IR ) o 2B 8RR 0.05 mm A FE
L HEATI . LIS ER EN R . HRE
190~260 nm, F##H % 120 nm/min, 2 0.2 nm,
AT BE 0.5 nm. FESEATHESRTINZ [T, SRR
M FIHEATINE , FOBRIA T S5 PR S ik
PRI, =y 5 O 3A{A
1.3.2  (HEEMARELT NG (FTIR)

T B 1k H,O X WERE T4 I i e r 52, F 2
JOR A 83 A % F D,O HE i i 2 BRI W, BB IR
100~200 pl Y 05 & 45 19 22 IR W A 21 98 AL 55
(CaF,) FEShHrf . SE06 BT BC 14 b S AL A5 A
W, AR R A 0.05 mm B R DU LA, Ot
TG Bl 4 000~400 cm™', ¥ 5E A RECH 64,
FE RN 5 5 X S S A A T A S R A

WAL, ) T AR T BRI T
14 SERAREHFRRENE BRI
141 JRTFIBME (AFM)

B 10~20 pl (4 22 IRV 2] T30 = B 7 ik
TR (AN [R) A 22 BRI TR0 2 W R st ) A T] ) - 1l
it 2~3 min Zc 45, FEAK shhi 22w, HHA
SRR HARER R RE T, BEANENG L.
iz 6 R - 45 ] A - BT R s A AR,
ScanAsyst 52, B il % I BURE S F RARE B 3
£, % DA AL I AREr o BT IR R E A
10 umx10 pm, J5 R4 2R R T2 7%, A
% N 1.0 Hz, 43 #8222 A 512, F] H Nanoscope
BRAFIR AT ZE 2 VAR (R T S0 e P 455 18
142 BHHETBMEE (TEM)

ARSI I 20~30 pul 22 I TRl R A 14 1Y
Fm, B SRR AR R QAR A AL s
FHAERRIEE ) TF TS 7 R R IRV b, — A ot
B8 3~5 min (ARAEFESE BTG ), WM s
FHUSARE 5 22 ARV WL TS X 8 T T L4
(2% wt) Jetasi] FE T RA, 6~8 min fi5 HIUE
WG F 2R, SEE TG TRIE . FARRE
1 {ifi 1] JEOL JEM-2100UHR 7 3% 5 H, 1 5 905
Hom sk B A 200 KV, 555 B0 R 37 Gatan
Digital Micrograph #£1 74t FRA1 5347
1.4.3 LSS BT B (Cryo-TEM)

B2 10 pl 22 BRI WB0H TE 0O S2 R s 1, W
3~8sfi, MHEBATLHLFE - 165°CINRA LKt
o R BB S AR AT, TR RR
i % 7% B AT . I JEOL JEM-1400 3% 41 H2
T WA L) - 174°C RS, i i R E R 120
kV.

144 /MahFEE (SANS)

TSGR 16 mmol/L 1 Z ki, FH
T ERC IR CPET R R5ET CSNS) /)
FAT O L AR A T A5 AR (R B RAE . LR B
B PRI KR 1~10 A A ST, IEsE st —
XoF RV L ZE R o K A 25 () B 15
4m, FHMHHER N6 mm I mFLES, i 4k
3He 45 M8 4600 % 1T LA 35 0.005 A'~0.70 A B
SRR (q) B 23 BRI 10
min A1 120 min (3% 51 AU S, IRIEHRE S 1Y
fil#fEEK (D,0) Hififr, JfME T D0 KA
T, AniEfL . ERTRE . ARERESY (50% 54k
RRI) BAERE RIS S LG, e EdEix
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BN A, il SasView 4T HIBR TS B )5
IREAR A TG

2 IWHER5ITIR

21 RARAGEEE

T, I AR - = R €03 A3 8 5 o i By
(9 YOG i B BB - RAT B ) BT 0 A X Ac-KIL-
CONH,. Ac-RI,-CONH, fil Ac-HL-CONH, f*) 4l i 1
f7&ME (E'S1, S2). RP-HPLC Z54: (&s1) %
B, = 2R KA I v 2 S B — 1 B i g e 0
JoHA AR B, X T AR TR B, BT
By 4l BE Xy ] Lk 2] 98% LA b o % (mass
spectrometry, MS) %5 3L 0, Ac-KI,-CONH,,
Ac-RI,-CONH, Fl Ac-HI,-CONH, % Jif 1% &1 75 528.3
555.8 Fi1536.8 AbFEZEIA St (&1S2), 43 HiIX) L
SRR R [MHH] i, X5 eI
527.72. 555.73 F1536.69 FeAW &, FWE ST
S EBRFEY . R R R TG A A
g, FIEIFEA RSB TIE N TR Frit
ZAh, A HAD B B A A A G U R
BAB R,
2.2 FERRARERIF BRI

R T PRF AT N S 7K P 2 B R 1 g o i
HAZAT R, R REHLE T LR =Rk
M) AT R, REK S IR (R v B B
Bola BT AR ZARRITES . RSP RIFEER ™R T
e I o A SR I O i v e i T 1 3
(transmission eletron microscopy, TEM) .
TEM DI K J& 7 1 & fk B (atomic force
AFM) X %7 ik 21 2 AR R S 3k 17 1

Cryo-

microscope,
FAE.
22.1 Y8 TEMAICryo-TEMZAE

WFSE 1 S FH 7 Gy (2 TEM X = 488 I il 21
BARAPIEHAT THEARE, KM ENTIEN T —
ek gy, (HIX BB e 254 R R TR G TR SR A
Rof. et TEM 458350, Ac-KI,-CONH, 7r 7K
W BARTE R T RSP K B — g deqk, H
HGPIMSA —SAERLE, EEEHPEEFIEH
B EBUTRRRE B ), IEBR R IR T 90K
a5k, BATRRSE N 210 nm A4 (Kl la, d). &
R, B T 40K, TEM B ik
fEfe/ D e (ewist) 5 FTRJE (helical) 7 o
(] A A Sty T G KA A AR (R rh AR . X S
I DO, LA B R R AP AL R

T B, TREE b p R E ARG
rh A AH R IR e R R CRITFRIAER) 2, —
FAed, FH A SRR BRI, DCHLHT ) 355
At A AR EAE (i A5 2 R N 1 40— 1) AR Y
M EHE. 5 Ac-KI,-CONH, 2/, Ac-RI,-CONH, 1
HAHZIERL 790K, BN RSTAE 175 nm /245
(El1b, e). B0k, BT 90KE,
TEM &l 7~ Hp -t W8 82 2141 ol Fn 82 e i 2B i {H
B4R, FEYRERE D, RITEM TIRZE
A IBTIES o XU RH R A G A8 R B 1 3 A
o, AR RSk GRS BT AT g
2 O PR el T AR ok, 0 nT g2 R 40 Y R e
HEAR TR . ik TEMZERE R, bk 7 4]
KB R, AR R T 301 ok & A B 35 A8
b, e B AL T 9K 454, X5 Bola
T JIKBH @ ANTal. 7F Bola 45 ik rpr 24 K 5% 3
5 h REEHELNT, Ac-RILR-CONH,IERL T AUZHH Y
KA, il Ac-KI,K-CONH, fY 20 % A 3= 52 40 K 45
25 H . 5 Ac-KI,-CONH, il Ac-RI,-CONH, H i K
[, Ac-HI,-CONH,JE i, 7 Bedn il thir 4544 . R
T 3B 67 Y {6 TEM A B R i A v 0 e £ Fn
PR SF R EXT S IR A R RZ I, F5E A Cryo-TEM
XA AR ST MUE S kAT T i — 20 R AE (Bl 1g,
h). AfPAEH, Ac-KI,-CONH, il Ac-RI,-CONH, JE
BT B GE WLHREIR i B 2 2 (AR 114 30 % kg W 4% P
2, IERRITE R THORE S, e RSy
S 170 nm M1 158 nm /24 (K 1d, e), X5
@ TEM " IIE S RIESS SR —3 SR, RO odr
ZERELH], Cryo-TEM 75 21| ¥ 21 25 1A R~ B B 4% 1
A TEM /DN, X F2ZEH TR E RS,
T T BORE S IR R o X T 4 IR Ac-HL-
CONH,, i TEM (/& 1c) FlCryo-TEM Kl A
(E 1) HRMIIE R THIMW 250 . kiR g it 4
BB E#W, BN T8 25~45 nm. [F]ET,
T ge (s TEM Bl 7 1945 5 v RE R o UL 31 £ 4 1 T
PEFRAE, HJCHE8 i TEM IR e HC e 7 1)
222 AFM#FEME

R T 3RS AR R O A R AR Y A
SAFNIFPERRE, @At AFM G2 BT S0 64T T 3
— R, WS K, Ac-KI,-CONH, Fll Ac-RI-
CONH, e H 2L g kg 45 (K2)., K
RETH WS 1 MR el A5 B i i, i —
AU AN KA S IR T AR TR 1Y) (&1 2a, b,
g, h)o FIH AFM [ 47 8 X He e B2 AT 20 17
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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-KL,-CONH, (a), Ac-RI,;-CONH, (b) and Ac-HI,-CONH, (c) . (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) .

%I Ac-KI,-CONH, J¥ Ji 1) 942K 5 185 5 2 4 6 nm,
HEEOMEE N3 nm A (F2a, d4#k), i
B Ac-KI;-CONH,JE 1, T R FIZAAKE . bR T9
KE, RRIBE TR 450 (Kl 2a). X
AR BE AT M B, Al BT B XA e
6 nmZEAy, MARYTE XA EE 3 mmAEfA (F
2a, d¥EZK), SN AR 245 PR, Xk
A0 TR T 9K A8 2 P BBl T AR TR Y . X
T4 Ik Ac-RL-CONH,, AFM 3 B 415 R I8 45 3= 52
FWKE R, 5 TEMES R G . bR T4k,
RREIE L T LF 2y, XLeer gt LA B4 T
e (E2bskasisk) . 5 Ac-KIL,-CONH,JE
WA B FEZE L, Ac-RI-CONH, #) 45 i i) £ 4%
HLh A AEFKAE ISR R R T 8857, ek
— AR T 9K (20 REAE) o S K Ac-
RL-CONH,JE B4 K& 1 =5 FE KT 2978 6 nm ([&] 2b,
e), ERERIRE 245

i AFM SRAEAL AR BB 1 B B A

AL R R FEAE B o B 20 7021 7] LATE
Wi 8 7 L K Ac-HIL-CONHL JE i 1 A8 4 iy 42 T4
Mg Fy, HAAREEETE 7~13 nm, BN Z
JR4ER . 3% 5% ik Ac-HLH-CONH, JE B 1 J6 F-1k
CFE T R TR, AR A2 A R R
1F Bola %47 ik Ac-HI,H-CONH, 1, H T #> H 5%
FEAELE, (AR F xRy, Rk T4l
M e, BT F 2R S X T Ac-Kls-
CONH,, Tk AFM HIWris et i FHEE . A
fif I —[r L, FRATEER R T T A H A HLEE
FIZSHESENEE (HFIP), RBRARMISE [H /) 5K V5
FEREVE I B3, (e e dEgs i e i, FoE 3
B, YAERZR P ANA 5% i HFIP iF, 2 25 R 45 4y
FEUGKETYE N F (K 3a, b)), XEEGPOREF4E
HA W W0 42 FIRBEFPE . 1 Ac-RL,-CONH, JE i,
(LT 4E R 45 T 120 (K3, d). FiRg5RFEN,
38 ) 2RO N oz BRI AN S, NUAT AU 4 2B {4
B, ] SEAR TR A AR, MIEERY



6° EMESEYYIEHE  Prog. Biochem. Biophys. XXXX; XX (XX)

12.0 nm i 93.1.mV
T
£3
=
=
=
0
-6.0 nm -96.0 mv/
3
0 200 400 600
nm
e)
14.0 nm 60.8 mV
4
T
£
E@ 0
B
80nm 4 Y\ A -63.5mV
0 300 600 200 /
= Peak Force Error
- SN
f) 10 g
22.0 nm 73.8 mvV
5
£
&
-]
23
A
-12.0 nm & -68.5 mV

0 150 300

Height mm Peak Force Error ©600.0 nm

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 color lines in a) , Ac-RIl,-CONH, nanotubes (e, correspond to the color
line in b) and Ac-HL,-CONH, nanoribbons (f, correspond to the color line in ¢) . (g-i) The phase image of Ac-KI,-CONH, nanotubes (g),
Ac-RL-CONH, nanotubes (h) and Ac-HI,-CONH, nanoribbons (i) .

25 MRV OZREL, MBE AR EAE P A EE R 22 18] R A AR . 25 I PHAR R 25 57, XA
(M EFEVE T R BB R AR R B2 R . RILFEPOE T B R 2 5, 1S Ac-R1;-
MK Gl R IR IERT, Ac-RI-CONH, " K52~ CONH, & i A9 £F 4k %5 Ac-K1,-CONH, % 4 T F 1
R iEE AL P I RUR Pl A S KB B EsE, 7=k s

R A AR, RIS RS K AR E R, &

Height Toum

Height 600.0 nm
Fig.3 The AFM images of the assemblies and its partial enlarged chirality view

(a, ¢) The AFM image of Ac-KI,-CONH, self-assembliesin 5% HFIP (a) and Ac-RL,-CONH, self-assemblies in water (¢) . (b, d) Partial

enlarged view of Ac-KI,-CONH, self-assemblies (b) and Ac-RI,-CONH, self-assemblies (d) .
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Bk, % FKEERITEBolaZiE ik B AT AR 7+

23 ERAEER —REMRIE

WIFFE 1R — 0 % SRl B A S 2T AP
(Fourier transform infrared spectrometer, FTIR)
it VR R gt (K 4), B @bk
CD) #2525 (¥ 4a) %
B, Ac-KI3-CONH2 il Ac-RI3-CONH2 1% 4% ik X [
T ETE 196 nm BT A 7E — 10, TAE 216 nm Ab
FEAE— IR R, R EA TR P B
TRHIZEEM . BRT 217 nm AR WIS l% , Ac-HI-
CONH, ¥ CD 3 I 7% 202 nm A7 7E B W lie, %
B R4S T RE N B I 2 S TC LG I A7 . FTIR

(circular dichroism,

a)

3095 —e— Ac-KI,-CONH,
P —s— Ac-HI,-CONH,
5 P
% 00 Ac-RI;-CONH,
<
£
5
o
=.100

200 220 240 260
Wavelength(nm)

2 (El4b) £, —450KFE 1620 e BiHE A
Wi W, SRUTEA TR R IE R T B
JREER, X5 CDESREA G 1A, —4AK
X7 B FTIR 335 EI7E 1 672 e B3t 390 B 5 14 i
Wb, FEBR i A G R R AR B Y R O R
B BT ARG R, YR K E SR R FIH
BRI N o 1) K BREERS, B R It R &k
AW AR, KREIEN T B R RN ER g4
Mo XRH, SRR IERRRE N MU IR W5
i 7 J2 (AT i g

=

S’
e
'S

—e— Ac-KI;-CONH,
—+— Ac-HI;-CONH,
—=— Ac-RI;-CONH,

0.3

Absorbance

1800 1750 1700 1650 1600
Wavenumber/cm™

Fig.4 CD and FTIR spectra of assemblies

(a) The CD spectra of Ac-KI,-CONH,,
CONH, and Ac-HI;-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-RI;-CONH, and Ac-HI,-CONH, self-assemblies formed at the concentration of 16 mmol/L

in D,0. The signals of Ac-RI,-CONH, were shifted verticallyx10", the signals of Ac-HI,-CONH, were shifted verticallyx10°.
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Effect of the Hydrophilic Amino Acids on Self—-assembly Behavior of Short
Bola-like Peptides

GAO Xin-Xin, HAN Yu, ZHOU Yi-Lin, CHEN Xi-Ya, ZHAO Yu-Rong™
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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
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amino acids on the self-assembly behavior of Bola-like peptides, the peptides Ac-RIs-CONH: and Ac-HIs-CONH-
were designed and synthesized using the Bola-like peptide Ac-KIs-CONH: as a template. Their self-assembly
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 §-sheets. The results demonstrated that both Ac-
KI3-CONH: and Ac-RI3-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-
KIs-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-HI3-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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