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To construct polymer hydrogel microstructure containing biomolecules as a biosensor in microfluidic devices 
by a conventional photoirradiation, new photocrosslinkable polymers composed of 4-(4-
metho:xycinnamoyl)phenyl methacrylate and 2-methacryloyloxyethyl phosphorylcholine (PMMC) was 
synthesized. The polymers were used as prepolymers to make hydrogels by photoirradiation. Moreover, 
PMMC gel exhibited excellent perfonnance of protein adsorption resistance compared with Poly(vinyl 
alcohol)-N-methyl-4(4'-formylstyryl) pyridinium methosulfate acetal (PVA-SbQ), and succeeded in the 
immobilizing of enzyme. In the future, the immobilized enzyme will be checked in detail for application of 
PMMC to a biosensor. PMMC is thought to be increasing the penneability of the biomolecules to the inside 
of the gel compared with PVA-SbQ which is the material commonly used in the current researches. From 
the results so far, it is expected that PMMC can be used for simple fabrication of enzyme immobilizing 
membranes for highly sensitive biosensors. 
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I. INTRODUCTION 
The photochemical reactions of polymers have 

been paid strong attention not only for photoresist 
application in electronic field but also for 
photofabrication of microbiodevices in modem 
bioengineering field [1-3] because of several 
advantages they have such as rapid and 
homogeneous reactions could be proceeded at 
room temperature. Moreover, microfabrication 
by the photochemical reactions can be carried out 
more efficiently in comparing with nonnal 
chemical and physical techniques. 

Recently, by using the photocrosslinking 
reaction between polymer chains, several 
microstractures are constructed in the 
microfluidics on a biochip, which are gate, valve, 
salt-bridge, and immobilized biocomponents 
including proteins, DNA, and cells. Polymers, 
in general, used in these purposes are 
polysaccharide, polypeptide and hydrophilic 
synthetic polymers [4-10]. Most of them use 
photopolymerization system composed of 
monomer, crosslinker and initiator for radical 
generation by photoirradiation. Jimenez et al. 
reported the photopolymerization of acrylamide 
for enzymatic microsensor fabrication [11]. It 
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was a successful method, however, sometimes the 
remaining monomer and photoinitiator disturbed 
enzymatic reactions and radicals generated from 
the photopolymerization attacked enzyme and 
induced significant reduction of activity of 
immobilized enzyme in the polymer matrix. 
Thus, polymer-type photocrosslinker have been 
investigated. Some photochemical reactive 
groups should be introduced in the polymer chains. 
Although there are many photochemical reactions, 
photoinduced dimerization is considerably 
suitable for making crosslinking points in 
biomedical hydrogels (5,12-14]. Because of the 
absence of byproduct during the reaction, 
biomolecules immobilized in the hydrogel may 
maintain their activities. PV A-SbQ known as 
photocrosslinkable polymer has been put to 
practical use in immobilization of enzymes [12]. 
The PV A-SbQ is a hydrophilic polymer and forms 
a hydrogel by photoirradiation. In general, PV A 
is believed as a biocompatible polymer, but, 
considerable protein adsorption was observed at 
the surface and clot formation was induced in 
shortly. That is, when the surface of the bios~nsor 
was covered with the PV A membrane and the 
sensor was implanted subcutaneously, the sensor 



600 Characterization of Phospholipid Polymer Hydrogel for Immobilizing Enzyme 

era· 
CHPf 

~ r 
0-CH,CH,Or,CH,N"(CH,), 

MPC 

'rH• 
+ CHo~'i' ro 0 o-ry -cJiaCII-OOCU, 

MOCPMA 

EtOH/MEK 

70°C 

Figure 1: Synthesis ofpoly(MPC-co-MOCPMA) (PMMC). 

output decreased with time dramatically due to 
protein adsorption [13). Moreover, poly(N
isopropylacrylamide) having stilbazolium had 
also been reported [14). In case of 
microfabrication of microfluidics on biochip, the 
condition may be much more severe because the 
amount of target biological components is quite 
low in the microfluidics. Therefore, to inhibit 
the nonspecific adsorption of these 
biocomponents should be required. Fortunately, 
in our current research for biocompatible 
polymers, the polymers bearing 
phosphorylcholine groups showed excellent 
performance of protein adsorption resistance and 
cell adhesion inhibition [15-20]. These 
polymers are composed of 2-
methacryloyloxyethyl phosphorylcholine (MPC) 
and other vinyl compounds. The MPC 
copolymers have extremely hydrophilic and 
hydrogel structure can be expected using suitable 
crosslinkers. 

In this study, to obtain hydrogel by 
photoirradiation, we synthesized polymers 
composed of the MPC and 4-{4-
methoxycinnamoyl) phenyl methacrylate 
{MOCPMA). The MOCPMA unit is expected to 
form crosslinking points through 
photodimerization process of cinnamoyl groups 
[21]. In previous research, the synthesis of the 
hydrogel by photoirradiation using 
photocrosslinkable phospholipids polymer had 
been successfully carried out. The equilibrium 
water contents {EWCs) of the obtained hydrogels 
were more than 90%. Moreover, the 
microfabrication of the hydrogel by 
micropatteming using the photomask was also 
successfully conducted and the microfabricated 
hydrogel was swollen by water as well as 
hydrogel synthesized by mold plates [22,23 ). 
Here, we report the characterization of the MPC 
polymer hydrogel as the matrix for enzyme 
immobilization formed by photoirradiation. 

poly(MPC-eo-MOCPM) (PMMC) 

2. MATERIALS and METHODS 
2.1 Materials 

The MPC was synthesized by the method 
previously reported [24]. 4-
Hydroxyacetophenone, 4-methoxybenzaldehyde, 
and 2,2'-azobisisobutyronitrile (AIBN) were 
purchased from Kanto Kagaku (Tokyo, Japan), 
respectively, and were used as received. 
Glucose oxidase (GOD) of Aspergillus niger 
(210U/mg) and Peroxidase (POD) from 
Horseradish were purchased from Wako Pure 
Chemical (Osaka, Japan). Other organic 
reagents and solvents were purified by the usual 
method. 

2.2 Synthesis of polymers 
4-( 4-Methoxycinnamoyl)phenyl methacrylate 

(MOCPMA) was synthesized as previously 
described by Reddy et al. [25]. Random 
copolymers of MPC and MOCPMA were 
synthesized by copolymerization in ethanol 
(EtOH)/methyl ethyl ketone {MEK) mixtures, 
using 2,2'-azobisisobutyronitrile (AffiN) as an 
initiator. The concentration of monomer to the 
solvent was 0.2 mol/L. The initiator 
concentration was 1 mol% of the total monomers. 
The polymerization was carried out with stirring 
at 70 oc for 2 h in argon atmosphere. The 
polymers obtained were precipitated from large 
excess of diethyl ether/chloroform (50/50 in 
volume). The polymers were characterized by 
using 1H-NMR spectroscopy and GPC. We 
prepared various polymers with different MPC 
unit composition [23]. However, due to 
solubility in water and reactivity by 
photoirradiation, we use a polymer with 90 mol% 
MPC unit (PMMC90) in this study. 

2.3 Protein adsorption of PMMC90 gel 
The EtOH solution containing 20-wt% 

PMMC90 was spincoated (500 rpm for 5 sec and 
2000 rpm for 20 sec) on the glass substrate. 
After drying up, it was exposed with light for 60 
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Table 1. Characterization of PMMC. 

Mo1:1omer composition (mol%) Camposltlon In copolymer •I (mol%) Solubility •I 
MPC MOCPMA MPC MOCPMA Mwbi(Xl0"4) Y"reld(%) inEtOB In-ter 

PMMC90 90 10 91 9 2.9 79 + + 

[M] = o.lmoi/L, [AIBN] = 2mmoi/L 
Polymerization time =2h 
Polymerization temperature = 70"C 

a)Determined by 1H-NMR. 
b)Determined by GPC in water/methanol= 3 I 1, 

poly(ethylene glychol) standard. 
c)Solubility was determined at 1 mgfml polymer concentration. 

PMMC90 

PVA-SbQ 

Figure .2: Images of protein adsorption on PMMC90 and PV A-SbQ taken by fluorescence microscope. 

sec through a photomask having a circle structure 
pattern (0.3 mm in diameter) at room temperature. 
Then the polymer on the substrate was washed 
with EtOH to remove the unreacted polymer. 
The hydrogels were immersed in FITC-Iabeled 
(A.ex = 490nm, A.em = 520nm) protein (4.5mg/mL 
albumin, l.3mg/mL y-Giobulin or 0.3mg/mL 
Fibrinogen) in PBS solution at 37°C for 1 hour, 
and then rinsed twice with stirring method in fresh 
PBS for 5 min. The concentrations of proteins 
were 10% of the plasma concentration. The 
obtained hydroge1s were observed by fluorescence 
microscope. The protein adsorption of 
hydrogels was calculated from fluorescence 
intensity by fluorescence image scanner (Typhoon 
941 0). A similar operation was carried out in 
PVA-SbQ. 

2.4 GOD immobilization in PMMC90 gel 
A mixture of 20wt%PMMC and GOD aqueous 

solution(PMMC90: GOD= 10: 1) was spreaded 
on petri dish. After reduced pressure drying, the 
photoirradiation was conducted for 1 hour. The 
GOD-immobilized PMMC90gel obtained was then 
rinsed with water. The calor identification test 
of the GOD in the hydrogel was carried out by 
using reactive solution (0.2mmoi!L o-Dianisidine 
aqueous solution : 24mL, 5mg/mL POD aqueous 
solution : 1mL and lOOmg/mL glucose aqueous 
solution : 5mL). 

3. RESULTS AND DISCUSSION 
3.1 Synthesis ofPMMC 

The photoreactive MPC polymer (PMMC90) 
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Figure 3: Protein adsorption ofPMMC90 and 
PV A-SbQ calculated from fluorescence 
intensity. 

was synthesized. The results of polymerization 
and molecular characteristics of the polymer are 
summarized in Table l. The PMMC90 is soluble 
in water. 

3.2 Protein adsorption ofPMMC gel 
Figure 2 shows images of protein adsorption in 

PMMC90 and PV A-SbQ taken by fluorescence 
microscope. It can be confirmed that PV A-SbQ 
showed high fluorescent strength compared with 
PMMC90. Figure 3 shows protein adsorption of 
PMMC90 and PV A-SbQ calculated from 
fluorescence intensity. As from this result, it 
was confirmed that PMMC90 shows excellent 
performance of protein adsorption resistance 
compared with PV A-SbQ used as a past enzyme 
immobilization membrane. 
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3.3 GOD immobilization in PMMC90 
Figure 4 shows enzymatic reaction of GOD 

immobilized PMMC90. When the GOD
immobilized PMMC90gel was soused the reactive 
solution, it was checked to have changed 
PMMC90 into brown as the indication of that 
GOD was immobilized to PMMC90 without 
changing its activity. 

Therefore, it was confirmed that PMMC90 is 
applied to the enzyme immobilization matrix as 
well as the PV A-SbQ. 

1!-D-GI-+ O, + H,O 

11,0, + C>-Dianlsidine 

rCOD lmmabllbed PMMC9~ 
'7 ~---~ --
~ 

~ D-GiuCC>no-6-lsclone + 11,0, 

~ Quinone dro+ lH,O 
i 

l brown I 

Figure 4: Enzymatic reaction of GOD 
immobilized PMMC90. 

4. CONCLUSION 
New photocrosslinkable polymers having both 

phosphorylcholine and cinnamoyl groups have 
been synthesized successfully. The polymers 
were used as prepolymers to make hydrogels by 
photoirradiation. The microfabricated PMMC90 
gel on a glass substrate exhibited excellent 
performance of protein adsorption resistance 
compared with that observed on the PV A-SbQ. 
Moreover, GOD can be immobilized in the 
PMMC90 gel maintaining its activity. 

In the future, the immobilized enzyme will be 
detaily investigated for application of PMMC to a 
biosensor. PMMC is thought to be increasing 
the permeability of the biomolecules to the inside 
of the gel compared with PV A-SbQ which is the 
material commonly used in the current researches. 
From the results so far, it is expected that the 
PMMC can be used for simple fabrication of 
enzyme immobilizing matrix for highly sensitive 
biosensors instead of PV A-SbQ. 
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