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Experimental Section

Protein interactions. For zwitterionic homopolypeptides, the polypeptide solutions (1
mg/mL) were prepared and the protein solutions (10 mg/mL) with a designated volume
were added to the solutions. The resultant solutions were mixed well and measured by

a Scinco S-3100 spectrophotometer.

Results and Discussion
Interactions of helical, zwitterionic homopolypeptides and proteins

The interactions between the helical, zwitterionic homopolypeptides (3a and 3b) and
proteins were investigated in order to evaluate the zwitterionic nature of these helical
polypeptides. The three proteins, BSA, Mb, and LYZ, were selected as model protein
due to their difference in the isoelectric point (pl) values. It is well known that the pl
values for BSA, Mb, and LYZ were pH 4.7, 7.2, and 11.35, respectively. Hence, BSA
and LYZ would be negatively and positively charged at neutral condition, respectively.
Rather, Mb would carry little charge at neutral condition. The transmittance spectra of
the resultant solution at the wavelength of 300-800 nm were shown in Figure S9. As
expected, the helical, zwitterionic homopolypeptides exhibit no apparent interactions
with BSA, evidenced by the little change in the transmittance. In the case of Mb, the
percentage of transmittance decreased linearly with the increase of protein
concentration, which was mainly due to the UV-vis absorption of Mb. It revealed that
the helical, zwitterionic homopolypeptides exhibited no apparent interactions with Mb.
In the case of LYZ, 3a exhibit low interactions with LYZ, evidenced by the percentage
of transmittance higher than 70%. However, 3b strongly interacted with LYZ,
evidenced by the drastic decrease in the percentage of transmittance upon increasing
the protein concentration. The relatively low interactions between 3a and LYZ can be

mainly attributed that 3a carried less charge than 3b at neutral condition because the pl



value of 3a (i.e., pH 7.1) was close to neutral condition. 3b would instead carry negative
charge at neutral condition because the pl value of 3b was away from the neutral

condition.
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Fig. S1. '"H NMR spectra of PLG NCA (a) before and (b) after purification in CDCls;.



Fig. S2. Optical photograph images of (a, b) PLG NCA (colorless oil) and (b) PPLG

(white powder).
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Figure S3. FTIR spectra of (a) N;CB (1a) and (b) N3;SB (1b) monomers in the solid

state.
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Fig. S4. MALDI-TOF spectra of (a) PPLG;( and (b) PBLGy3.
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Fig. SS. GPC chromatograms of (a) PPLGg, and, (b) PBLG,5 and PBLG;s-6-PPLG3.
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Figure S6. 'THNMR spectra of (a) PBLGy3, (b) PBLG3-b-PPLGys (5), (¢) PBLG3-b-

(PPLG,s-g-CB) (5a), and (d) PBLG3-b-(PPLG»s-g-SB) (5b) in DMSO-d.



(1) PBLG,5-5-PPLGas

I
Amide 1

= L' 1l
= Y
o |PBLGy;-5-PPLG,s-CB) fY !
= L

\ I
3 (2) \ i |
= PBLGH-E:-PPLGE-SBVM_M
zZ 3 N et
=]
Ty
i

Amide I1

T T T T ¥ 1 = 1 ] 1
2200 2000 1800 1600 1400 1200

o |
Wavenumber (cm )
Figure S7. FTIR spectra of (1) PBLG3-b-PPLGs (5), (2) PBLG3-b-(PPLGs-g-CB)

(5a), and (3) PBLG3-b-(PPLG,5-g-SB) (5b) in the solid state.



Figure S8. TEM image of the assemblies formed by PBLG3-b-(PPLG,s-g-SB) (Sb)

zwitterionic polypeptide. The sample was stained by RuQOy.



I. Torr - T
100 ‘("a'SM"W 100 (b) Ak dedeA ]
& # S
X
< 804 ’ﬁ < 80+
L o | 2 :
= 60 ® 005 = 60+ °
£ly s | 7] « 0
v 02 v 02
5 40 1 * 04 § 10 ¢ 04
= < 06 = < 06
1] T
= SRR .
+ BSA x BSA
0 u T M T v T T v 0 Y T v T v T T T T
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
1004 (€) .ulﬂ-"lmw 1004 (d) b
—_ ‘m‘ YTV vy —_—
o l M v m Q“ ? unty 032X ywrvYYYY,
= ganmg ’ = o :;“m‘ PRJPTTL 20
S 0 e et 0 < 804 - 2 v o i
5 :o-. 1! m 0 @ - v Ty .003 -
- < -
= LN ’“o.,’ 4;‘ et = ..' A7 o0, R “.“ s, " 0
m 604 oA, e 0.05 = 60 ueeevs e 1“ e 0.05
£ g L0 el 4;, A 0l E L el Y 4 01
= & B !
E l‘"' ‘. « ¥ “ v 02 E fvvy A‘Au :mt«’.' v 02
2 0457 Ty 4 e . 04 z sk I/ e 04
= :’.. M ‘0: - < 06 = ¥, Ty > [ < 06
= 204 A > 08 ; 20_:‘:’, Ta ® > 08
f.";:’ v .v: e 1.0 Bopa +, v A‘: » 10
®] o
¢y 8 *  Mb AN * Mb
04t ' : , 0 ftisapa” . . .
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

100 W .-t*twinnll | 100 JIrindcniciciiicoiooodddeik ok icris Wk, s pak] 0
ey (e) lA“ «4441««;««%=W" -~ (f) ....n-l-llllllllllllI---Il- : g(]]s
§ 804 '-"'ll" “ “'v""”’.,w é 80 4 ll:::.... vvvv"’“"'mmw v 02
p "”l;rv L p 155“55: = . 04
7] .44« =0 < v W <« 06
g 0] & ¢ 005 g 6o o - s os
E .t ",v"'vv' A 0.1 E !v ..,0’ e 1.0
g PR e v 02 g TSRS 1Y e 1yz

i * iy ‘0 4¢4<
? 404, . 04 7 404
= = o «
= i < 06 = * o
- » 0.8 =) o
= 2043 = 20- ’ o

¢4 e 1.0 y 441‘ »»»»»”

LYZ N sor>”
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Figure S9. Transmittance spectra of (a, ¢, €) PPLGg-g-CB (3a) and (b, d, f) PPLGg-
2-SB (3b) zwitterionic polypeptides in the presence of (a, b) BSA, (c, d) Mb, and (e, f)
LYZ as a function of protein concentration. The polypeptide concentration was 1

mg/mL.
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Figure S10. Hydrodynamic diameter (size) and polydispersity index (PDI) of PBLGs-
b-(PPLG;3-g-CB) (4a) and PBLG,s-b-(PPLG5-g-SB) (4b) zwitterionic assemblies at

different solution pH.
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Figure S11. Titration curve of (a) PBLGys-b-(PPLG3-g-CB) (4a), (b) PBLGys-b-
(PPLG13—g—SB) (4b), (C) PBLG13-b—(PPLG25—g-CB) (53), and (d) PBLG13—b-(PPLG25-

g-SB) (5b) zwitterionic copolypeptides in DI water.



