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ARTICLE INFO ABSTRACT

Affic{e history: Although the first polysarcosine (pSar) synthesis by Wesseley et al. was reported almost a century ago,
Received 12 June 2017 it was only recently that pSar gained broader attention and is considered a potential alternative of
Received in revised form poly(ethylene glycol) (PEG). In contrast to polyethers, such as PEG, pSar is a polypeptoid based on the
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amino acid sarcosine, i.e. N-methylated glycine. As a polymer, pSar combines PEG-like properties, e.g.,
excellent solubility in water, protein resistance, low cellular toxicity and a non-immunogenic charac-
ter, while being based on endogenous material. Sarcosine can be obtained in a simple one-step reaction
of bromoacetic acid and methylamine, easily transferred into the sarcosine N-(thio)carboxyanhydride

{’(zjl/;s/g:gcs).sine and polymerized under living condition. This review provides a first comprehensive overview on pSar-
Poly-N-methylglycine containing block copolymers, which comprises of copolymers with polyesters, polyethers, polypeptides,
Polypeptides polypeptoids, polyacrylates, others, as well as graft copolymers. The synthesis, characteristics and appli-
Polypeptoids cation of such polymers will be presented and discussed in detail. Finally, solution self-assembly and
Self-assembly applications of pSar-containing block copolymers are reviewed underlining the enormous potential of
Biomaterials this recently rediscovered polypeptoidic material.
Biopolymers © 2018 Elsevier B.V. All rights reserved.
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Abbreviations: AA, amino acid; ABC, accelerated blood clearance; Aib, 2-aminoisobutyric acid; AIBN, azobisisobutyronitrile; Ala, alanine; AMM, activated monomer
mechanism; CAC, critical aggregate concentration; Cbz, benzyloxycarbonyl; CD, circular dichroism; CL, caprolactone; CuAAC, copper(l)-catalyzed azide-alkyne cycloaddition;
DCC, dicyclohexyl carbodiimide; DFT, density functional theory; Dy, hydrodynamic diameter; DHBC, double hydrophillic block copolymer; DLS, dynamic light scattering;
DMACc, dimethylacetamide; DMF, dimethylformamide; DMSO, dimethylsulfoxide; DP, degree of polymerization; DSC, differential scanning calorimetry; D, dispersity; EPR,
enhanced permeability and retention; FACS, fluorescence activated cell sorter; FCS, fluorescence correlation spectroscopy; FTIR, fourier transform infrared spectroscopy;
GC-MS, gas chromatography-mass spectroscopy; Gly, glycine; GSH, glutathione; HATU, 1- [bis(dimethylamino)methylene]-1H-1,2,3-triazolo [4,5-b]pyridinium 3-oxid
hexafluoro phosphate; HPLC, high-performance liquid chromatography; His, histidine; LCST, lower critical solution temperature; Leu, leucine; Lys(TFA), N,-trifluoroacetyl-
L-lysine; MALDI-ToF-MS, matrix assisted laser desorption ionization time of flight mass spectroscopy; MMA, methylmethacrylate; My, number average molecular weight;
My, weight average molecular weight; NAG, N-allyl glycine; NAM, normal amine mechanism; NBG, N-n-butyl glycine; NBnG, N-benzyl glycine; NCA, N-carboxyanhydride;
NCL, native chemical ligation; NDG, N-n-decyl glycine; NEG, N-ethyl glycine; NEPhG, N-phenethyl glycine; NHC, N-heterocyclic carbene; NIBG, N-isobutyl glycine; NMP,
N-methyl-2-pyrrolidone; NNCA, N-substituted N-carboxy anhydride; NOG, N-n-octyl glycine; NPeG, N glycine; NPG, N-n-propyl-n-propyl glycine; NPhG, N-phenyl glycine;
NTA, N-thiocarboxyanhydride; pAla, polyalanine; PAMAM, poly(amido amine); PB, polybutadiene; PDLA, poly(D-lactic acid); PDLLA, poly(p,L-lactic acid); PEG, polyethylene
glycol; Phe, Phenylalanine; pEtOx, poly(2-ethyl-2-oxazoline); pLys, polylysine; PLLA, poly(L-lactic acid); PMMA, poly(methyl methacrylate); PMOXA, poly(2-methyl-2-
oxazoline); PS, polystyrene; pSar, polysarcosine; PTMI, poly(trimethyleneimine); PVA, Poly(vinyl alcohol); ROP, ring opening polymerization; RT, room temperature; S,
styrene; Sar, sarcosine; SEC, size exclusion chromatography; SPAAC, strain promoted alkyne-azide cycloaddition; SPPS, solid phase peptide synthesis; TEM, transmission
electron microscopy; WAXS, wide angle X-ray scattering; XPS, X-ray photoelectron spectroscop.

* Corresponding authors.
E-mail addresses: lingjun@zju.edu.cn (J. Ling), barz@uni-mainz.de (M. Barz).

https://doi.org/10.1016/j.progpolymsci.2018.01.002
0079-6700/© 2018 Elsevier B.V. All rights reserved.

Please cite this article in press as: Birke A, et al. Polysarcosine-containing copolymers: Synthesis, characterization, self-assembly, and
applications. Prog Polym Sci (2018), https://doi.org/10.1016/j.progpolymsci.2018.01.002



https://doi.org/10.1016/j.progpolymsci.2018.01.002
https://doi.org/10.1016/j.progpolymsci.2018.01.002
http://www.sciencedirect.com/science/journal/00796700
http://www.elsevier.com/locate/ppolysci
mailto:lingjun@zju.edu.cn
mailto:barz@uni-mainz.de
https://doi.org/10.1016/j.progpolymsci.2018.01.002

G Model
JPPS-1065; No.of Pages 46

2

A. Birke et al. / Progress in Polymer Science xxx (2018) XxX—xXx

2.1. History and development of NCA synthesis.......................
2.2.  Alternative approaches and phosgene-free MethodS. ... .....oouiiiiiii et ittt ettt et e et et e et ie e ie e iaeaeans
2.3.  Sar-NCA purification: up-scaling and SUDIIMAtioN. ...........i ittt ittt ittt e et et e e e et e e iae e aaaaaas
D ) 14 1 U T (3o 11 172X
2.5. Synthesis of sarcosine derivatives for solid phase peptide SYNtReSIS. ... ...uouuiriiiii it
I TR 14 0 L T 30 50 AT T el 1) L
3.1.  Nucleophilic ROP Of SArCOSINE INCAS. . ...ttt ettt ettt ettt ettt e ettt e e et e ettt e e e e e e e et e e et e e et tae e e ean e e eaneeeeanneeees
3.2, NUCIEOPhiliC ROP Of SATCOSIIE INTAS . . ..ttt et ttie ettt iie et ettt ettt et et te e e et ee e et te e e ettt e e e et e e e e e e tae e et e e iae e e e e anaaes
1S 07 B0 T 0] o = Y o3 L 0 L] 1
S 7 Y 115} 13 T 103 03 U<l W) 75 L 0 LT
S o YA Y a0 13 0 1S 5) [ Tal el ] 03 <)
4.1. Sequential ring opening polymerization
0 V- Tai (o) U UL =X ) = 0 0] o - Ul o
4.3, Bifunctional INItIATOIS . . .« oo oottt ettt et ettt ettt ettt ettt e
S €3 T 1 ¥ or= I 7 10 o) 0 L
Lo o =Y g o= Ty e e} 50 ) Y 013 3
FS TR DR £0) VAT Vo 13§ T 2 0 Yo V7 1 3 U=) w5 T ] A1 0 3 <) -
5.1.1.  Block copolymers with polyethylene glYCol .. .......couuniiiiii ittt et ettt e e e et e e aa e e iae e aeeeaanaaas 14
5.2, PolySarcoSine-b-POlYeSter COPOLYITIEIS . ... ...ttt ettt e et tee ettt e ettt ee ettt ae e et ae e et ae e e e e e e e e ae e e e ea e e e e aa e e e aaeeeenaeeennns 15
5.2.1. Copolymers with PLA
5.2.2. Copolymers with PCL
5.3.  Polysarcosine-b-polypeptoid COPOIYIMETS . . ... .uu. ittt ettt et ettt e e ettt e e ettt e e ettt e e et e e e e et e e e ee e et aee e ae e e eanaeeennnns 17
5.3.1.  Cyclic and linear pSar-b-PINBG COPOIYIMIETS . . ...ttt ettt ettt ettt ettt e e e et e e et ee e et ee e et e e e e taeeeeaaeaeaannns 17
5.3.2.  Cyclic and linear pSar-b-pPINDG COPOIYIMETS ... ...ttt e ttiie et tee ettt e e et ee et e ae e et e e et a e e et ae e e e iae e e aaeeeeanaeeannnn 18
5.3.3. Linear pPNAG-b-pSar-b-pNDG tribloCK COPOLYMIETS. ... ...ttt ittt ettt e e et e ettt e et iae e e e e iae e eennaaas 18
53.4.  PSar-D-PNPG/PNBG/PNIBG..... ..ttt ettt ettt e ettt et ettt ettt et ettt ettt e e et e e e e nn 20
5.3.5. pSar-b-pNEG/pNPG/pNBG/pNPeG, pSar10 x 10 and pSar-b-pNEG-b-pNPG-b-pNPeG-b-pNBG ...........coviiiiiiiiiiniiiinnnnan. 20
5.3.6. pSar-b-pNEG/pNPG/pNBG/pNPeG and pSar-b-pNPeG-b-pSar
5.3.7. pNEPhG-b-pSar, pNBNG-b-pSar and PNBG-D-PSar ... ......iiiiiitiii ettt ettt e e ettt e et iae e iia e iaaans
700 T8 R 01 o o 51 Y ¥
5.3.9. Polymerizations with surface immobilized INItIALOTS . ... ...oiiui ittt ittt e e e e e ee e iee e eiaeeeeanns
5.3.10. Solid-phase-based synthesis using NNCA ring-opening polymerization ...........eeuuieeeiuineeetiie i eiiieeeeiaeeennanens 21
5.4. Polysarcosine-b-polypeptides (POIYPePL(0)IAES) ... ...ttt ettt ettt ettt e ettt et e e e et ae e et e e e
5.4.1.  pSar-b-D,L-POly(PhenyYIalanmine) . . ... ..ouuii ettt ittt ittt e et ettt et et e e,
LI S o Y | 70 AT (1372
5.4.3. pLys(Z)-b-pSar, pGlu(OMe)-b-pSar and pAla-b-pSar
ST S oY T ) o 5 Y 1
oI T o1 W (o ) e o DT 1 0 Y= 7Y Y P
5.4.6. pSar-b-pLys(Z), pLys(Z)-b-pSar, pSar-b-pGlu(OBn) and pGIu(OBN)-D-PSar.......uiuuueteiiet ettt iiee et iiae e eieeeeaaeeanns 24
5.4.7. pSar-b-pLys(TFA) and pSar-b-PGIU(OBIN) . ... ...ttt ettt ettt ettt e e ettt et e e e e e e e iae e e e e e aaeeeannas 24
LT TR o Y 1 e o) (3 24
5.4.9. Dopamine initiated POIY(Ala/PRE-D-PSaT) .. ...ttt ettt ittt et ettt e ettt e e 25
5.4.10.  DOPa-LyS-DOPa-LyS-DOPa-D-PSar. ...ttt ettt ettt et ettt e e e et ee e et e e et e e et ee e, 25
5.4.11. Poly(L-glutamic acid-ran-L-1eucing)-b-PolySarCOSINE . . ... ...ttt ettt ettt ettt e e et e et e e et ae e e e e e iae e e eaaeeannns 26
5.4.12.  Mannose-functionalized PoOlYPePt(0)Ides ... ..uuune ettt ittt ettt ettt e et e e 26
R 3 B T 1o o Y0 o LT AT L o o) 5 £ 26
3 3 Y = e 11 (o T0] A 013 o (0 U (E 26
5.4.15. Triblock polypept(o)ides/pSar-b-pLys(BOC)-D-PLYS(TFA) .. ...ttt ettt ettt e ettt e e ettt iiaaaaeeeeaaaas 26
5.5.  Block copolymers of pSar with “C-C” DaCKDONE POLYIMIETS. . . ... u ..ttt ettt ettt ettt et ettt e e e e et e e e ee e e ieeeeanaaeaeas 26
Fo 70 T8 PR £0) |7 ol Y2 (o) o Ui 1 (< I 01T P 28
5.5.2.  PS-D-PSAr ANA PIMIM A DD Sar . ..ttt t et te ettt ettt e e e e e e e et e e et e e e e e e e et et e e eaas 28
ST 200 TR £0) |40 UL Ua <] s U 2 5 1 Y=V 28
5.6.  Other pSar-containing BlOCK COPOLYIMETS . . . ...ttt ittt ittt ettt et e et et e et ee e et ae e et a e e e e e e e e e e e eiae e eaaneeennns 28
ST TR &)\ R 5 51T U N
5.6.2. pEtOx-b-pSar.........
5.6.3. Dextran-b-pSar
ST A ST | oo 50 ) Y/ 00 1<
5.7.1.  PDMS-g-pSar and PDMS-g-pSar-D-PGIU(OBI) . . ...t iu ettt ettt et e e ettt e e e et e e e e ee e e et e e e ae e e iae e e e e e eanaeeannns
LI 0 1< 3 T Ly 01D Ty e Y 1
oI T @ 1 L0 LT- V0 B oo Y |
5.7.4. Cylindrical brush pLys-g-pSar, PAHMA-Z-P(LYS-D-Sar) . ... ..ttt ittt ittt it ettt e e et tee e e e e eie e aaans
6. Self-assembly of polysarcosine-containing block COPOIYMErS. ... ......oiiiiiiiiiiiie i iiie e enns
6.1. Rod-coil micelles and aggregates with compleX iNternal StIUCTUIE ... ....u.. ettt ettt it et it e et e e e iee e ia e e eiaeeeeiaeeannns
6.1.1.  pSar-b-polypeptide (POlYDeDt(0)IdeS) ...ttt ettt ettt ettt ettt et e,
(0 07T 010 03 U
(o0 101 o) 1 w0 (] 1]
{307 B o R Y= ¥ B £ o) L] <)
6.2.2.  Block copolypeptoids...
6.3. Vesicles, nanotubes and nanosheets

6.4. Double hydrophilic block COPOIYMETrS N SOIULION . . ...ttt ettt ittt ettt ettt it et et e et ee e e ie e e iae e eieeeeaaeeaanns
6.5. Random copolymers with lower critical solution temperature (LSCT). . ......uueeiuiee ettt tie et iee et iaa e et iee e iaeeeaaeeeanaaaes
(O o 87« Lo KV e I U 10 2

Please cite this article in press as: Birke A, et al. Polysarcosine-containing copolymers: Synthesis, characterization, self-assembly, and
applications. Prog Polym Sci (2018), https://doi.org/10.1016/j.progpolymsci.2018.01.002



https://doi.org/10.1016/j.progpolymsci.2018.01.002

Download English Version:

https://daneshyari.com/en/article/7825777

Download Persian Version:

https://daneshyari.com/article/7825777

Daneshyari.com


https://daneshyari.com/en/article/7825777
https://daneshyari.com/article/7825777
https://daneshyari.com

