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Abstract: Nano-sized self-assemblies formed with amphiphilic
block and graft copolymers have been extensively studied for
drug delivery. This study reports a novel strategy to prepare bio-
mimetic self-assemblies with unique morphology by varying the
packing of beta sheets. Specifically, the amphiphilic graft copo-
lymers, PHEA-g-oligo(Z-valine) composed of poly(amino acid)s
derivative as the hydrophilic backbone and oligo(Z-valine) as the
grafted hydrophobic chain were successfully synthesized. Then,
the effect of degree of substitution (DS) and polymerization
(DP) on self-assemblies of PHEA-g-oligo(L-valine)s were inves-
tigated in an aqueous solution. This study discovered that the 3-
sheets of polymers are formed favorably by increasing of DS,
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while the structural transition of self-assemblies is influenced
dominantly by DP.

Keywords: self-assembly, B-sheet, oligo(L-valine), degree of
substitution, poly(amino acid)s.
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£ AFolx AFAZ ARS8 poly(succinimide)(PSI, Mw:
27000 g/moly= ©F2~lZ EAK(L-aspartic acid, Sigma)yS At 3
1| (phosphoric acid, Sigma) 3ollA] 180 °CE F3taked A
Th(Figure 1(a-1)).* ©1%A] §d3+ PSEE DMF(\V',N*-dimethyl-
formamide, Sigma)oll =] % #(designated)2] ol gh-2-o}71
(ethanolamine, Sigma)S 3 7}8lal 6A17F WES- &, oY)
o} (ethylenediamine, Sigmay HFO = F7lslo] A& S
Z(sequentially) FH&A7]= HA S S5, oFH 77 =Y
poly(2-hydroxyehtyl aspartamide)(PHEA-NH,)E 4 &} th



492 Hels- - Aus

o

(a) fa-1) (a-2) NH{ (=-2)
q 0 o o miO® o g
e = A A o A X
o | B e NH-H NHJ[I;"]-[ NH:’r—[’ NH+
HoH ‘g—-ou - g : Lig L pd o Mo
- - NH  hH NH N
Less partic meid Palusticeiniimise i ;
sty s N
b ¥ ! )
OH NH, aH HH
FHEA-NH; 'EJ:'_D
HaC. I
'CTH—EIJ#
HyC N—H
v
(b) 1 DS PHE & goiiged Fovaline)
1 —

i
1
1
1
|
DP .
—r— !
1
. 1
"y '
. 1 1
=3 i P e |
1 i
: |
@ rrra, ¥ |
Valing shais | | g gty |
1
1
E Micelle
—
n
o &
3 - Bilayer
£ %
a 2
ES = Inverted
B :
=
=]
=
Dp Ds

Figure 1. (a) Overall synthetic scheme of valine-conjugated PHEA
via NCA polymerization; (b) the effects of DS and DP on self-
assemblies of PHEA-g-oligo(L-valine)s in an aqueous solution.

(Figure 1(a-2)). PHEA-NH, 2 7l A Al (macroinitiator) & }47,
2] NCA(valine N-carboxyanhydride)s ¥ah= ZgHeo] o
Al A8 FA7FeE & da 7004 40°CE 1547 B3¢t 5
AA, PHEA-g-oligo(L-valine)(PHEA-g-OVal)y2- 34313tk
(Figure 1(a-3)). o|dl], & NCA= &3 EX}(L-valine, Sigma)
ol EZ|3= 27 (triphosgene, Sigma)ys 371314 Fuchs-Farthing

Sl - 9 F - A8 - AR
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laserE & 3} DLS(dynamic light scattering, Nano S90,
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CAC(critical aggregation concentration)= pyrene probeE At
83t 330 nmol| A o37]8taL WEEE 2 EF-S photo
luminescence(with bandwidth; 2.0 nm, QM40, PTI, USA)=
Z7gste] elsiitt. A7 1xgA| GAE 23k 7%, B-sheet
T3+ CD(circular dichroism, J-815, JASCO)E 180-250
nmeo| A A8 T rRA e 2 80 kvellx] TR
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DS= - - x100(%) (1)
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Table 1. Molecular Characterization of Valine-Conjugated PHEAs

Sample DS¢ DP? Number® Diameter? CAC¢ Sl
PHEA - - - Highly soluble - 100
PHEA-g-OVall 4.5 6 54 53 2.5x10" 80
PHEA-g-OVal2 6.2 10 120 60 1.5x10™ 64
PHEA-g-OVal3 10.9 6 126 89 1.0x10" 62

“Degree of substitution (succinimide units/amine groups, mol%) determined based on 'H NMR. *Degree of polymerization (number of valine units)
determined based on '"H NMR of graft copolymers. “Number of valine molecules per a polymer chain. “Effective diameter (nm) obtained by DLS.

“Critical aggregation concentration(mg/mL) determined by pyrene assay. “Hydrophilic mass ratio to total mass, fowy =

the mass of hydrophilic part, and b,, is the mass of hydrophobic part.
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Figure 2. (a-1) Fluorescence emission spectra and ///; ratio of pyrene loaded in the PHEA-g-oligo(L-valine)s solution; (a-2) critical aggre-
gation concentration (CAC) determined by emission fluorescence spectra of pyrene; (b-1) circular dichroism spectra of PHEA-g-oligo(Z-
valine)s solution; (b-2) the percent of -sheet and number of valine molecules on self-assemblies in an aqueous solution.
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Figure 3. (a) Scheme for estimating the f;,, of valine-conjugated graft polymer system; (b) estimation of the f;,, of valine-conjugated PHEA
with varying of DS and DP. TEM images of self-assemblies of (c¢) PHEA-g-OVall; (d) PHEA-g-OVal2; (¢) PHEA-g-OVal3.
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23+ ) ZEo] Bxlo} =244 (inter hydrogen bonding)oll
o5l FAE]7] wjiEoltt.

Ao 7 27| 2HA Y] Fele PRI £k Fxol uf
g} djZo] 7Fsett. R 2 ZE FEAA 73, Figure
3@t 2ol T = 25S AT EAde] XA s
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