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Development of structured PEGs and applications to protein stabilization
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As a series of polyethylene glycol (PEG) analogues with structured
macrocyclic morphology, PEGs with digonal to hexagonal structures were synthesized and their
properties were evaluated. At room temperature, the macrocyclic PEG analogues showed higher
hydrophobicity than the corresponding linear PEGs, and the hydrophobicity continuously increased
with the ring size. At 70 ° C, on the other hand, a togological effect was observed in the
relationship between the molecular structure and hydrophobicity.

Amphiphilic PEGs bearing ﬁhenyl group at the end of PEG with different chain length were also
developed. Phenyl octaethylene glycol showed higher protein aggregation suppression effect than
phenyl tetraethylene glycol.



M X C—19,. F—19—1, Z2—19,

1. WFSERHMA LW DT &

Kb oF Lo Fxy FENGESD PEG
1L EWAREREREICIN . Z oo B kS
B W T AT L 2RI A & L THZD
ThdHRELL OREEFRFDS, Z ORI,
KEETHEE LTLETHY , B aFik
nE W9 PEG MAEFORICH RS 2 & &
265, @mEAVWLNS PEG IR v—
THDLTONFEOSHDEIET D, FEE 2
BERFAM 21T 9 11X 0 T 'O O T
B THHILERRDENDN, BIMNTHH
WEEL LToO PEG (431 PEG) D& RMAIE
b T, - T, 431 PEG Oft&7%
EDOIARYMRIMSC, & >3 BRI B E
L 7-HEREFTM . PEG OO SLAAREE N EF RN R
REICHET A BRFIIIEE A ST TV
MmoT,

ZD X HITTPEG L) BDFEMNTOEE
THDHFEKDO—DIL, ARONESIZH S,
PEG IZ&EMlE CRIEMETH D LTz E A
EOAMRBIZLAIETH D, S HITAE,
W STERIMEBICRIN & FR T2 720, fES T A
AL CEEIThN D DiRERIESL VY
BN T AFER S CIREETH D, i
MERE L 720 | R8T PEG O&RIE, &
METERSNRDSTZESEZD,

UK LHGEE DITRE. ZOARDOK
AR L, R E 2 Fo 0+ PEG
DB D TR L 7= (ACIE 2013, VIP),
“ABICHEE(L LT 7 PEG (A PEG)
ZBF L. = PEG 728 PEG1000 Tl
AL, X Ny BEEMTRI R E G T 5
ZEERRH L, EHICEME PEG X, K
¢ LCST &% /~x9, Zi#vd PEG1000 T

FRONZDVFHETH D, FEMZRREORE R,

Kb+ %5 = & T PEG O /K i B A
30 CRERTTHZENHLMNERoT,
PEG ox=F L ik, IBEERICEDY
gauche 705 anti ~2 > 7 4 A—va V2L
L. ZHUCHEOWBROKMEZ B, fEElbd 5 2
LT, ZORERBEENREILL, TORKE,
BN 2 2 LCST B~ L fE > T
HhéEEZOND, ZOXIICEEF-ET-
PEG Z#HEAKRTHZ L T, B OEH
PEG & 13872 28 % A L., 22D IEREIZRF
g5 Z EMafgeL b, T, mWER
BUFMEZe & o IMEE % A3 2 PEG OItH
AREME A & BTN, R e BERE I 2 T RE
T DEENOSAEN R G ERTHD EE X
Do

2. Mo EH™

RIFFETIL. RIS+ PEG OO
T—3 3 VR I LIAT . PEG O & HERE
DR % L L FEBICHFT 5 Lo, K
AP PEFHl CE LD R A2 fElc, T3, &
LB SE TH N DR EEM &
LU CHRRICEZEREENHIS A T v 2{bicD
W, AhetiE by PEG A HRIRAYIZE
ik BAZ L. PEG OMELENZFEHETH

CK—19 (Jtm@)

HEOHLLD~NEREIEDLZ L2 AE
L7,

3. WOk

PEG D& L REDBMR A5 7=0Hlz, —
W 7e IR E R T 5 8RIRZ A PEG
&, mBBMEE A AT 5 PEG IZHEH L.
Z AR PEG SRS 872 5 53 1-#E 4l
W, Do T ESfMe S KEEICHRE LT,
KprcoBmrt, ACESM, Z o0 ER
EALN R 72 & & thighgst+ 5 2 & T.PEG @
ik L BERE O BIMR Bk LT,

4. WFFERRE

LA TR L 7= —3E 0 PEG JHiIA &
LT, —AF., =Ak, MAaE., LA, N
AT PEG &Rk L, FioKFPTcomtE (A2
EAEMRE) LAYSEME R Lz, =R
BT, IR PEG & b Z AR PEG 1 XV
THHKFTERNREENE G 2722 L0
O BKMERBEWZ EARENTZ, £, —
O ZAIHA PEC NIZB W TIE, B A AN
RKEL R HIFERMFIIDKT L, BUKMER
WINd 22 bR ani, Zcxisd b
X oz, B BELIIEICB W T, ZAF,
=M. AT PEG IZ/KFP TIFIES L~
THBLTWAR, LAK., NAFIEHF
HEAEREZER L WD &N, UL
DX o, KFITBWT, BRETIXTEICEY
A RHRIFE LT RS B Sz m3, 70 Tl
G B ZRBRY A KRN L T, bR
0 U —Zh RIS STz, BIREEGELINE
ZBWT, AR, WAE, HATRIT=ER
EIFIFER URE R AR SN 72 BUS B MEIX
RoNRhotzn, ZAK L RNATR TITEL
EENRR LN, T AR TIE, BT
D ECRREN D, 70 ETlIE~A 72 A—Fh
WA XDGFEAEPER SN D Z &R
TREAU, R FHAC X o THUKME A HE N
HRM DR I NIz, EANAF TR, =
I COLHBRECIRTER NG, 70 E TITH
DBMEOESER~NE BN RNz, Tk
HIZERIR PEG X, & Doy TS ITxT L AR
HICHRBESWIME N BALT B Z b o Tz,
BB S 2 3D PEG 2O\ T, FF
ICBHEDOREZT T, ARMIZ T = =i
PETAHATF NS TF LY a—n, AU X
TF LT a—LERELE, WIhib K
HCHEAREER L., SHITMEUC L - TH
AR A ZANKREL R DBISENEEZ R LT,
HChH 7z VE I X F L7 ) a—)b
I, B K > THEEERY A XEF LK
SHT, I HITHEDZ N7 BEREE T )
BEFRZEL A, T VAT X T LY
TV a—LDln, Jx=L1F T F L
7Y a— VTR E W EREMSI R 2R L
2o ZDOZEMBL, Tz VAT X F L
7Y a— Dz Ry BEREIMHIZRITIL,
BB RBUSENE L O EN R I N D, Eo,
7 BFzFLT Y a— DX A EE



PEG TH ¥ ™I HLZEADRP RS I
AbEREES . B8 PEG O7- 728 HE%
TIHRTHH 5,

5. TR IE
(WFZERFRAE . WFFEr A M ONEEERFE# (1
ES )

UdEssam ) (Bt 9 1F)
1) Protein Stabilization by an Amphiphilic Short
Monodisperse Oligo(ethylene glycol)
Nabanita Sadhukhan, Takahiro Muraoka, Mihoko
Ui, Satoru Nagatoishi, Kouhei Tsumoto, and
Kazushi Kinbara #% 5t 4
Chem. Commun. 2015, 51, 8457-8460.

2) Bioinspired Multi-block Molecules
Takahiro Muraoka and Kazushi Kinbara & 5t A
Chem. Commun. 2016, 52, 2667-2678.

3) Synthesis and Thermal Responses of
Polygonal Poly(ethylene glycol) Analogues
Shunichi Kawasaki, Takahiro Muraoka, Tsutomu
Hamada, Kazuki Shigyou, Fumi Nagatsugi and
Kazushi Kinbara & #t A

Chem. Asian J. 2016, 11, 1028—1035.

4) Chromatography-Free Synthesis of
Monodisperse Oligo(ethylene glycol)
Mono-p-toluenesulfonates and Quantitative
Analysis of Oligomer Purity

Adam M. Wawro, Takahiro Muraoka, and
Kazushi Kinbara £ 7t

Polym. Chem. 2016, 7, 2389-2394.

5) Multigram Chromatography-free Synthesis of
Octa(ethylene glycol) p-Toluenesulfonate

Adam M. Wawro, Takahiro Muraoka, Maho Kato,
and Kazushi Kinbara 7% 5t 5

Org. Chem. Front. 2016, 3, 1524—-1534.

6) G-quadruplexes with Tetraethylene
Glycol-modified Deoxythymidines Are Resistant
to Nucleases and Inhibit HIV-1 Reverse
Transcriptase

Hisae Tateishi-Karimata, Takahiro Muraoka,
Kazushi Kinbara, and Naoki Sugimoto £ #i
ChemBioChem 2016, 17, 1399—1402.

7) Newly Characterized Interaction Stabilizes
DNA Structure: Oligoethylene Glycols Stabilize
G-quadruplexes CH-pi Interactions

Hisae Tateishi-Karimata, Tatsuya Ohyama,
Takahiro Muraoka, Peter Podbevsek, Adam M.
Wawro, Shigenori Tanaka, Shu-ichi Nakano,
Kazushi Kinbara, Janez Plavec, and Naoki
Sugimoto # i A7

Nucleic Acids Res. accepted.

(L) G20 7F)
1) Li, R, Muraoka, T. and Kinbara, K.,
“Topological Study of Bola- and
Cyclic-Amphiphiles” 2015.9.1, 15th International
Conference on Chiroptical Spectroscopy,
Sapporo, Japan.

2) Wawro, A. M., Muraoka, T. and Kinbara, K.,
“Monodispersed PEG Derivatives:
Straightforward Synthesis and Analysis
Revisited”

2015.11.11, 16th Tetrahedron Symposium Asia
Edition, Shanghai, China.

3) Li, R, Muraoka, T. and Kinbara, K.,
“Chiroptical Study on Topological Effect of
Self-Assembling Amphiphiles” 2016.4.22,
Molecular Chirality Asia 2016, Osaka, Japan.

4) (FAF#:#%#H) Muraoka, T., Kawasaki, S. and
Kinbara, K., “Development of
Stimuli-Responsive Multi-Block Amphiphiles”
2015.6.26, 32nd International Conference of
Photopolymer Science and Technology
(ICPST-32), Chiba, Japan.

5) (¥ 4% 1#) Muraoka, T.,
Multi-Block Molecules”
2016.6.24-25, JSPS Japan-Taiwan Joint Seminar
on Energy and Environment, Gaoxiong, Taiwan.

“Bioinspired

6) ({AFF3#1#) Muraoka, T. and Kinbara, K.,
“Structured PEGs for Bio-related Functions”
2016.7.7, HE K% FIBER > v RY 7 A,
=, BA.

7) (FB155#%1H) Muraoka, T., “Bioinspired
Multi-Block Amphiphiles for Functionalization
of Membrane and Crystal”

2016.10.5, 14th International Congress of Young
Chemists (YoungChem 2016), Czestochowa,
Poland.

8) (FAFFai i) Ao [if] £ fH,
7 a7y OEHIEERE”
2016.5.20, By 1% B ifEs, 1A,
HAR.

“H oMk b~ LT

9) (FAFFa) Al E i, “& X7 HEBEIC
M = BN T e —F7

2017.3.4, wAEmIEEME Z A4 7 A = X

D AR —Bio. Phys. Chem. = FE S OEE, IlIH,
ERN

10) Kbz, @EnFHe, WMk, &6
. &R, BAED “TrIxFLoY
o — )UERfIZ L 5 DNA DU S 022 LB
DRI

2016.9.13-15, % 1 O [M4y Rl F3lames, A,
H AR,



1) dEaF, Kb, A&, Peter
Podbevsek, HHAE, 4J5#L, Janez Plavec,
EARED “T b7 F L 7Y a— ) VEffiE
oA b DI B M I 2 VO T2 A B R
>
2016.11.15-17, B AREERRIE S5 2 AI4FES,
WO, BAR.

12) EFEFHEL, KilEd, HE &, Peter
Podbevsek, Adam M. Wawro, H g, 45
¥, Janez Plavec, ARELC “017 T VT 4
VRBICBITAMEEREIEH LIZHR
D IR F S B VE O B 787

2017.7.12-14, AARERMERFRE 3 BFES,
LR, HAR.

(XE) Gt o)
(PEEIA PEHE)
OfIRdL (G5 1)

LW T R RBESER ) 2 F L) a—
oy ~NT RIS 2 F L) a—)L

ER PR L OEN S ORESE, WIS,

AT ERESERY) = F L7 ) a— ik
FENEN

FHE @R M EE, ~ ) T XA
44

FERIZE ¢ IRl /E

FHEE « BT

F 5 ¢ KFE 2015-131744
HFEAEA B - 2015429 A 10 A

EARSAOR] . BN

OBtk (G0 1)

LAY
FEEAFE
HEFIF
fHAE -
&5
IEFHH
E N DR

(£ D)
R BN— U
https://www. muraoka—lab. com

6. HFZTHEAE

(D) AFgEFRE

FriE &1 (Muraoka Takahiro)
HOX THERY - AmB TR - Bi#
Wrge %5+ 70509132

(2) BFFE ST 3
‘L ( )

W E S

(3) M FEH
‘L

W HE S

(4) WF9E b 10 %
‘L

(

(



