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Preparation of zwitterionic polymethacrylamide modified with L-lysine
and interaction to Bovine Serum Albumin

Kohei SHIRAISHI*, Masushi KOHTA*, and Kazuo SUGIYAMA*

Abstract

In order to develop a novel blood compatible material, zwitterionic polymer, poly(V-¢ -methacrylamide-L-lysine)
[poly( ¢ -LysMA)], was prepared as followed. ()V-¢ -methacrylamide- V-« -acethyl-L-lysine methylester was
obtained from NV-o - acethyl-L-lysine methylester and methacryloyl chloride. (i) the monomer was radically
polymerized with 2,2-dimethylazobisisobutyrate in absolute ethanol at 60°C for 20h. (iii) After deprotecting the
resulting polymer with NaOHagq, zwitterionic poly( ¢ -LysMA) was neutrized, dialyzed with cellulose membrane
against water and freeze-dried to give a white powder.  The interaction between zwitterionic poly( & -LysMA)
and bovine serum albumin was also examined by fluorescence spectroscopy and using resonant mirror
biosensor(IAsys).
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poly(O-methacryloyl-L-serine] [poly(SerMA)] 237R#dSh
e WA HED SerMA & —mRrE T 3aR)<—I,

Mg I BEOREME O H 75T Adenosine-5-
diphosphate 2 X3 M/IMREESES PRE T D% D A B A0t
BRTIEEREEL TS Y, X557 poly(SerMA)IZ pH IZ
JSELTRY=—RIBHD A A ACKES Ll THERDIE
ARENE LT IMEERERY~—T, MWKOERSZ T
e RN 1NN B = 1 RV AN ' o N4
HREMERTBZ b RERE 2,

AR THL A AEEE S O T U =y MR
RV —OEEBEEHICETIHED —RELT
poly(SerMAYDIEERLUAT, 73 /BEEAMEERLORE
BB RATNVEEIOSFKEDORNTIREEZ DD poly(V-

¢ -methacrylamide-L-lysine) [poly( £ -LysMA)] % &Iz 7RE

L, UV MLiE7 V7 I ([BSA)E O EMERZ BIED HiE2D
N HERI T — BRIC KD A A5 FRIFE EAERMRHT ([Asys)
PORREILIE.

2. ER
2-1. MK

Na -acethyl-L-lysine methylester hydrochloride (Ac-
Lys-OMe- HCY; (L) iXHiREEFDOEEEMLE. 2
Z7UNEE7a )R GRAEER, b.p. 38°C /90 mmHg) iEK
EAELTEbDRRISICERA L. EEEHBHE 2
2-dimethylazobisisobuthyrate (MIBE; FoY6#liZR) X i
T—F N nbEREEL THY V2. Ethanol, N,Mdimethyl-
formamide (DMF), triethylamine (TEA) 72X OIRIEIH
REEE > TRERL O BERL. vV iE7 AV T
X (BSA; SIGMA) xR EZDOEEHEAL. Fie,
phosphate buffer saline (PBS, t'7—2X) IR
R EEMUKIC AL TRRIL 2.

2-2. poly( & -LysMA)DERR

BTN DERAB A TR AT B LW Fe—b%
Bzl 200 mL ® 4 2075 Z3i2 AcLysMA-OMe
(13mmol) , TEA (40mmol) #$&5 DMF120mL IZiAfEL
7z. K& T T 30 mL  DMF [ZIAfELTZAZ ZUNBa )R
(20mmolD) LRI TR TFLIcHE, EBITERTH 5

BRRIGLTC. ERRUIC N = F L7 IR & 2%, 5
AT T I B E L. FRIAIC 50 mL O~F-32m
2 TR BEMRERE A8, BZEW0R% o - 7I/ERBLIY
HNRF I NVEPMEESNE /~—, N-a-acethyl-N-¢
-methacrylamide-L-Lysine methyl ester (Ac-Lys-MA-
OMe) #787z. XK : 81.31%. m.p. 70.1~72.5C, [a]p®=
15.2° H NMR (CDCl3) é (ppm): 1.4 [s, 2H, -CHx], 1.6
[s, 2H, -CHz], 1.8 [d, 2H, -CHz-], 1.9 [s, 3H, -CH3l, 2.0 [s,
3H, -CHsl, 3.3 [d, 2H, -CHz1, 3.8 [s, 3H, -CHal, 4.5 [s, 1H,
-CH<], 5.4 [s, 2H, =CHal, 5.8 [s, 2H, =CHal, 6.1 [br, 1H,
-NH-], 6.5 [s, 1H, -CONH-]. FEd43#7: C1sNeHas LLTOD
FHEME C: N:H=57.79% : 8.14% : 10.37%, K C:
N:H=57.10%: 8.32% : 9.63%.

iz, Ac-LysMA-OMe(13mmoD& MIBE(0.13mmol)
% 15 mL DK TS ) —VIZHAEL, 60°C T 20h IRVIBER
BOEALUL. WE TICEEEEEL THEE»OFA~F
PUERWTERRIGE /~—E LD, 518, E22H,
BLT, BEMRKRORY~—%2Bk. BohioRY)=—iX
2N NaOH KSRz THERERMBLEIE T 24K
ISUTHIRELTZ. E0i2, RYV2—DEERFLET 0.1IN
WEETHILIzE, TReFL e —2BEERE (SESF
& 3500, Cell-Sep™ : MWCO: 3500, Membrane
Filtration Products, Inc) T#Hik% T, BETINED
ERCEEMEESBMKOMEIZ25ET 14 BREERLZD
B, WREELRL THEMERD poly( £ -LysMAZF-.

2-3. TREGBIREE

AWt %D RY = —KBERE T FAEF 2y~ (EER
10mm) IZ AN, {BEEFREER AR % I SR TR A e e R
(Shimadzu B FIRVEEEERT UV160A) (ZHHEL .
BIBIEZEMAEDS 0.5C3>FIREE, FRET 10min
FIRFELI2%%, 600nm DOFEERRAEN D FIREEFIARE
(LCSD xR Tz,

2-4. EAERIE

0.05 wt.% BSA #&te PBS 7AWEIZ poly( € -LysMA)
0.05 wt.%D PBS /A% (pH=5.7) 2Mx7=0b, REFRE
#%f % 7 Shimadzu REYEHIEIEEERT RF-1500 2V
T, 37°CT 280nm DFfEEHIZ LB N (350nm) FREEAL
BTz,
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2-5. A{ko TR EERET

poly( ¢ -LysMA) & BSA LOHAESERIIHBIT— k%
WHEESFRIMAEERBITERE (Asys © Affinity
Sensors, Saxon Hill Cambrige, UK) A\ T 25°C THat
L7219, 0.1M @ Nhydroxysuccinimide (NHS) £0.4M®
1-ethyl-3-(dimethyl-aminopropyDcarbodiimide (EDC)T
ANBREYRAF N T RRANG o H oy MOUNRFL )V EE
JEME(EL7c%%, 10mM OXESRENR (pH = 5.0) [ZEfRLT:
BSA (200 g/ ml) % 50 w1 ¥RANLT BSA @ N ki k5
EE{bzfT7eofc. BSA BEICRITAILEAT,S, £
EIZH 1 ng/ mm?2 D BSA #EELL e NVRF L AF LT
FANT P —2E . RIZ LysMA 2=y NZ3LT 5,
10, 20, 40mM F2ED poly( ¢ -LysMA) % BSA Bt =
Ny RIZIAT, SERAOEKE BT, HENERMET
. 100mM @ glycine-HCl (pH = 4.0) EREHRINL T
poly( ¢ -LysMA) ZfRBES VT, S BB NS A—HT
Fast Fit software (Affinity Sensors) Zfv TRz,

26. WEBOF

JTLRDHTIL acetanilide (WAKO) % iEHERFIEL T
SiberHenger # VarioEL CHIELz. ¥ NVigEra<hr5
74— (GPC) iZ TOSOH « 4000, 3000, 2500 75..%H
VWNCEERR - BERE N D MR ENRH = 5.5)%BEELL T
polyethyleneglycol B Ty FEEZRdiz. pH IXHTRE
#8% FAV YT MettlerTOLEDO MA235 pH / ion 77544
TRIELz. HietEl ol id JascoP-1020 2V THIE
Liz.

CH.=¢ CHs

CH.=¢

COOMe toct,ea M2

HyN(CH,) 4éHNH-Ac

COOMe
&ONH(CHZ) CHNH-AC

3. WRLBE

3-1. poly( & -LysMA) O#RMLF¥5/5Y¥—av
poly( & -LysMAYD& RS Schemel ITRT. o-73/

EETEFNE, IVRXVVEEAFNVIRATLELTHR
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Fig.1 'H NMR spectra of poly(Ac-LysMA-OMe) [1] and poly( ¢ -LysMA)
[2] in D;O at room temperature. [A] : methy] group, [B] : acethyl group.
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Fig.2 Titration curve of poly( ¢ -LysMA) solution in water in
0.1mol / | aqueous NaOH. Alpha represents the neutralization
coefficient, [poly( £ -LysMA)] =0.1wt. %
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Fig3 Effect of temperature on the transmittance of 0.5wt.% Polymers

in water. A: Poly(Ac-LysMA-OMe), B: Poly( ¢ LysMA)

L7z L-Lysine & methacryloyl chloride &L TE /<
=%/t AT NRT VBRI MIBE 2 iV TV
BAL TR IT44% TR~ —%2187. RICERRYI~—%
NaOH /KIS CHFEL 2. RU~—0D ITH-NMR 27NV
(Fig Db, AFNERIVTEF L EORHE BRT5
v — B RERIZIITER L. e, BURHEITRY~—iT
K, =& /=), g h, ThIeRa7Zy, DMF %0
HRBREC A TAF YV UCREThH o720, BiiRE%T
KOBICFIETH o7, [REROR )~ — T EIX
123,000 T pH {HED5, poly( ¢ -LysMA)IZ pH 6.6 |75
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Fig4 Time vs. Fo-F/F, relations in the presence of poly( £ -LysMA) or
PEG; Fo and F represent the fluorescence intensity based on BSA
without polymer or that with polymer, respectively in PBS at 37°C.
[Polymer J= 0.05wt%, [BSA]=0.05wt%, at pH 5.7, A gx=280nm.

REHLOMMUEMERN v —ThdILi @D (Fig2).
poly( € -LysMA) i3 Y65HEMEE2 S Ot A DR <
—T, W7 BLRHRICEESMAET [alp® PEIT
% pH IEEMEONHEFER)~—Tholc 9. 228, Bifr#
BIORYAZ 7Y TINEAKFA 40°C T FIREEFILAEE
(LSCT) &R HiREREMRY~—Thol (Fig.3).

3-2. poly( ¢ -LysMA) & BSA bOHHEEMH
AEEFEE T2 poly(SerMA)i: BSA &g &tta R4
FEERE R~ —ThoeZ 25 12, poly(SerMA)LEEL
U TREDIRU B H I T /B N RE VNV EERIRAC
&1p poly( ¢ -LysMA) ¢ BSA LOMEVERLREL. BT
EEO BSA #&Tr PBS IARIC poly( £ -LysMA) Z¥FRnRE
OEEFEEENBEDOE/L%E poly( £ -LysMA) EFRMN
(control) BIUFEED polyethyleneglycol (PEG; Mw:
50000) FF/ETFEHEL T Figd IOR 7. 22T, FRBXU Fo
XRIERRLE S 60min BB ICEIGRERRT. K
5 BSA HOFERBREDFETIREL(LERT
Fo-F/Fo i% PEG, poly( ¢ -LysMA)DFRMZXVEERL, #
DRIFE—TELR>TND, EIFEERACDIERILAMAY
+—& BSA PMHEEMERERULIZIZDEEZ B, PEG Xhb
poly( ¢ ‘LysMA)iZ BSA LOFEEIERNRNEEZ OIS,
BSA LHHEMERZIVELRETT D7), HBIT—I2kD
S TR EAE ISR (IAsys) ICXDMFIEAT0o
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Fig5 Binding assay between BSA and poly( ¢ -LysMA) using the
IAsys resonant mirmror biosensor. The concentration of poly( ¢
-LysMA) was varied ranging from 5, 10, 20, 40 mM for LysMA units
atpH 7.4 in PBS at 25°C.

2. poly( £ -‘LysMA)F D LysMA 2o NEELLT 5~
40mM @ poly( ¢ -LysMA)% BSA BEELINVEFL AF L
TXRRNTUF 2y NIIRINT 58, RERIBIC A LB A
DAL EEDHI, AT poly( & -LysMA)EEEDHEAL
EBITREL A 2oz, —F5, 100mM @ PEG HZMTIddtesM
PR IEINT 2R R EIERIRRD Oz h ol Eie,
FEERATIRIC PBS ZiNx THEBEEBEMEALIER, 08
AIXBEICEAO L (Figh). BADHE AL BSA &
poly( ¢ -LysMAYYMEEAFBE/ERT3ZL%RL, PBS &
BT LR BBUL IR A DOBIIFE S MRREL AL, #E
DIELEEREARNTARBL TWAZELRT. I—T Ty T4
T E S TRDIHES  FRBESTA—ZIHEETER (Kase)
3.0x10* (M1S?), fElEER (Kusd 1.6X102 (81, 774
=TAERIE 52X 101 (M) Thotz, T T IRV IME
ERESEDILE S 2n 2L, au AR LEHRFEICL
S THIMRRAD 73 F 2 K65 - BB LRVHEE RN TR
% 15,10 MiFRIC SRICHFET BTV T IR OB
IZXVBRRRC B T2 LI KM S RE 5
2EE2LND. BSA LK BIMERRE ST FEEAA
1D poly(SerMA)iZ BSA D =Rth&EDIb(EM) %
FHTURNZEDD, poly(SerMA) LHEEIFELILTRT
NEAIOLEAMOB N TINEEE LD poly( & -LysMA)
2% poly(SerMA)FI&H D\ i F LA EDAAFEFMERY

v =L TOBEWEEEZRESEFINDS. poly(«
-LysMA) D 4 f (LK) B G- O FHE I E RIEATHS
poly(V o “methacrylamide-L-Lysine)d 5 CEIEHIZ R
HEED TS,

4 HKEw

A AEED LYV R ORIAZ 7YV TIR
poly(F ¢ -methacrylamide-L-lysine) [poly( ¢ -LysMA)]
Ba-TIUEETEFNE, DIVRFVNVEEATNVETR
BT LYV R HBFRE L TAZ IV TIRELTI VA
EARICI> TR~ —287. R~ —2HEMEEETT
BifR#L T, WA AU HEED LYY EbD poly(e
“LysMA)%757~. poly( ¢ -LysMA)D%E S i3pH6.6 DITE
FHAHETH ol EEEETEMEIE L TOERM A5
57eDIT poly( & -LysMA)&BIREIB A Lo THUlAR A
RKETD7NVTI (BSA) EOMEERZELEIERL
&GS FRMEERRITRE (Asys) ZAVTRELL
R, poly( ¢ -LysMA)ZS BSA SAEVERT22 625807z,
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