B3 3 LR (A RBRERR) Vol.53 No.3
2014 48 5 ACTA  SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI May 2014

WO R BIKFERU K L 3L R )
125 A R 5 1) JES

FER'?, B, AR, kA, A
(1. FJ'IE%L}:%%%W&%&&%E J & ;M 510183
2. P KFNFENFEIRPR/ BEHME AR s
BARZTEERE, & )M 510275)

W OE: 450 N - - RNBRETITIRR AR 50 - 7 s SO A TG R SR £ KSR K 2R Ak
JERY) (PEO-b-PPLG-g-MPA) . 1% 2 ik 3 6 54 7T AR 4D B 11 48 3 CaCO5 76 K IE T P B . 18 — (3%
(CD) #8/R T ZKGE BT KSR R MR A5 0 s HIREE T B (SEM) /R T fkid i CaCO, MIEHIAEL ;
X-HHEATH (XRD) BN T CaCO, HAHEL, S5REM, ZRAW T LA RO H CaCO, MTES, BLBt 2 kst B
SEEMEAE, MAZREHEITH - BEsk p-TSW5; ZIREERNEGENEEIE@MIKER, AREA
M HIE CaCO; iR s CaCO; FOTE SN o] LASE i 9815 Z KB BEAO BE . WA pH EHE R Z M TiE s, H
AR REDEH R . RIEHER T CaCO, /NFURL S5 M MER . GORBEEE “TEMPIR” RAEM YK, XRD
WIHIERJE B CaCO, S FasE 195 A A,

KB : B DIk BCEKZALIRY) ; BRIRES

hESES: 063 XEIREE: A XEHS: 0529 -6579 (2014) 03 0073 - 07

Polypeptide-Based Doubly-Hydrophilic Hybrid Copolymers Containing
Carboxyl Groups for Control of the Form of CaCO,

HUANG Yugang"® ,CHU Yuehuan® ,HE Minghui* , ZENG Zhaohua® ,YANG Jianwen’
(1. Department of Chemistry, School of Pharmaceutical Sciences,
Guangzhou Medical University, Guangzhou 510182, Chian;
2. Key Lab for Polymer Composite and Functional Materials of Ministry of Education //
School of Chemistry and Chemical Engineering, Sun Yat-sen University, Guangzhou 510275 ,Chian)

Abstract: Polypeptide-based doubly-hydrophilic hybrid copolymers ( PEO-6-PPLG-g-MPA) containing a
great amount of carboxyl groups at the side-chains of polypeptide blocks were synthesized by combination
of ring opening polymerization of N-carboxyanhydrides ( NCAs) and thiol-yne photo-click reaction. The
obtained polypeptide-based doubly-hydrophilic hybrid copolymers (DHHC) were used as protein template
to direct biomineralization of CaCO; in aqueous solution. Conformational changes of the polypeptide
blocks were revealed by circular dichroism (CD) spectroscopy. Morphology of the obtained CaCO,was
investigated by scanning electron microscope (SEM). Crystal form of the CaCO, was confirmed by x-ray
diffraction (XRD). The results of CD analysis indicated that the polypeptide blocks could effectively con-
trol the morphology of CaCO,in water when they adopted random coil conformation, rather than more or-

dered a-helix or B-sheet. SEM analysis showed that the growth of the CaCOj; crystals was strongly depend-
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ent on the concentration of polypeptides. Furthermore, the morphology of CaCO, was tunable by the vari-
ation of length of polypeptide blocks and pH value of the aqueous solution. CaCO, could form the micro-
sphere with smooth surface, spherical superstructures with some tiny disklike particles grown on the sur-
face and “flower” aggregated nanorod structures. XRD analysis verified that the obtained CaCO,was cal-
cite in a very stable form in nature.

Key words: carboxyl groups; polypeptide; doubly-hydrophilic hybrid copolymers; calcium carbonate

AR ) TR it e R Y 2 S D RE R e T
ERGT, CHEEAFIIES . RF ik
W M IER . A S8 Y BE AR,
ZEFE SR A A, Addadi FI Morse™ > R B, %K
PRSI AT i PR 7 2 6 A AR 72 1) CaCO, 1Y
B S AR JOEYEE T . R B AR R AT i D e
WOR TRFEFATR G U G YR BEAE Y R o+
CEFRITNRERLHR . CaCO, J& A SRR R 12 A 1E
MYz —, EXEYA DR RS BEZRER.
B, FIHA B BEE AL CaCO, BYEY T b
FEIE HATAF R E 2 —, CaCO, MAYIw 1 72
A FRAYRBL, BIAER . O NEE - NER R
Bty st Y RAE XS bR CaCO, AR 1Y
B 1 o AR A B — s R, R BRI AR
BEASEARTE AN, T2 RBILR
P s AR AR, R Z AR R — A A
o-M2TE B B-HT B i) R EE R, 4y T4 R L

Yu 1 Cofen™ ™" F FHIE T 22 JIk i % B AL 3y ol I 3%
Z Al CaCO, 7E DMF A5 i 5™ 4k, B %t 52
Fo ORI IREE A LA TR B, DS R B i
WA, T H CaCO, FEKAHIAES T W EW 5 1k
B

IO, Z5A N-FRIE - RN IRIEF T IR B A Al
“HiL - SbRiE R (Thiol-Yne) il 5 T 4 &
RN Z RN GR K LR Y, FIRekds T
CaCO, /KW AW 1k, FERIT 2 IR ik
JE . MR CaCO,y MTEAR . RT AR Y = A
WA o 22 KR B L R 1 o) A o AR AR R LB
N, Hihim R LA R 2 B BE (PEO-NH, )
HEIRA, y-BeN H-L-4 Z R R (PLG-NCA)
Ik, H20REWick PEO-b-PPLG; £ Jik
G B FREEAE 28 M6 45 00 T T 3-5i AL N R (MPA)
S, EAR I PEO-b-PPLG-g-MPA .

le) (0]
o , w DMEF. R.T.
HC” Mofn\/NH : O)’ NH O/\

O
PEO-NH:
COOH
H:C~ o?\/oi}{\(ﬁ .
\/O
(0]
PEO-6-PPLG

UV65S1,R.T.

PLG-NCA

(0]
NH:

i«C O N
HC .~ )T{\(H g

PEO-b-PPLA-g-MPA

1 PEO-b-PPLG-g-MPA {5 %2k
Fig. 1 A route for synthesis of polypeptide-based polymer of PEO-6-PPLG-g-MPA containing rich carboxyl groups
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Table 1  Parameters for characterization of

polypeptide-based hybrid copolymers

M/ M>/ Grafting .
Polymer . . . . . 3 PDI "
(10*g +mol 7") (10*g -mol ~') ratio/%
PEO-b-PPLG,,, 4.15 3.34 - 1. 44
PEO-b-PPLG,,, 4.27 4.24 - 1. 37
P - 94.3 -
P,,, - 92.7 -

1) Determined by GPC in DMF at 50 °C, 0. 1 mol/L LiBr; 2)
Determined by 'H NMR in d,-DMSO; 3) Determined by 'H
NMR in d¢-DMSO based on the conversion of alkynes at 10 min

under UV irradiation ( grafting ratio of thiols)
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Fig. 5 Visual inspection of biomineralization

of CaCO, in aqueous solution in the
presence or absence of P, , double-jet method
(a, b, ¢) 1 min, 3 min and 60 min, 0. 1 mg/mL P, ;
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Fig. 6 SEM morphologies of CaCO; in variable
conditions in pH = 10 aqueous solution, double-jet method
(a, b, ¢, d) 1,0.05, 0.008, 0 mg/mL of P, after 36 h,
respectively; (e) 0 mg/mL, 30 min; (f) 1.0 mg/mL, 18 h
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Fig. 7 Morphologies in CaCO, under variable

conditions after 7 days, double-jet method
(a) 1.0 mg/mL of Pp,, pH = 10; (b) 1.0 mg/mL of P,
pH = 10; (¢) 1.0 mg/mL of P;y, pH = 12
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O JBE . &5 b I 1] B 22 0 A 5 3 sUHR AN 2 52 i)
CaCO,RYEZNZE, pH i, T2 B0 32 2 [
BT Z, XS T ATREXT CaCO; JE 3 Y %
A FDRE LR E , A 52 i DR 22 U4 21
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Fig. 8 Morphologies of CaCO, in variable conditions

using single-jet method after 24 h
(a) Py, 1.0 mg/mL, pH = 10;
(b) Pp,, 1.0 mg/mL, pH = 12
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HH R B UL RRE FR Y, 5 =R RIS )
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(d
(©
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20 30 40 50 60 70
20/°)
B9 7E7 dJ5 CaCO, fy XRD {2k
Fig. 9 XRD patterns of CaCOj; after 7 days
(a) 0 mg/mL, pH=10;(b) Py, 1.0 mg/mL, pH = 10; (¢) Py,
1.0 mg/mL, pH = 12; (d) P,,, 1.0 mg/mL, pH = 10
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