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Preparation of UCST types of nonion polymer modified glass and thermal 
stimuli-exfoliation of HeLa cells on the substrate 

Akinori IMAJO*1 Taiji ITO*1 Yasue YAMADA*2 and Kohei SHIRAISHI*2

Poly(acrylamide-co-acrylonitrile)[poly(AAm-co-AN)]with upper critical solution temperature 
(UCST) was grafted onto a glass substrate by surface initiated atom transfer radical 
polymerization(SI-ATRP). From the scanning probe microscope(SPM) measurements , poly- 
(AAm-co-AN) brushes were observed on the glass substrate(g-glass).  The contact angle(θ)
value of g-glass to water at 26°C increased from θ=21°(the untreated glass) to θ=69°. On the 
other hand, that of g-glass at 40°C decreased from θ=69° to θ=65°. After being HeLa cells 
attached and proliferated on the g-glass at 30°C under UCST of poly(AAm-co-AN) burshes, the 
HeLa cells attached were thermally exfoliated by increasing culture temperature over 37°C for 
30 min in phosphate buffered saline(pH7.4). The % of mechanical and thermal stimuli- 
exfoliation of attached HeLa cells on the g-glass was about 90% despite of about 10% on 
untreated glass. 

       Keywords:  Poly(acrylamide-co-acrylonitrile), Upper critical solution temperature (UCST),  
Surface initiated atom transfer radical polymerization(SI-ATRP),  
Thermal exfoliation, HeLa cells  
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MILLIPORE MILL-Q Synthesis A10

Microscope Cover Glass( =12 mm)(Fisher Scientific
M i n i m u m  E s s e n t i a l 

Medium(MEM) GIBCO (FCS) (GIBCO

(NEAA)
(PBS)(pH7.4) 0.25
Trypsin  

 

[30
/18 M =1/3(v/v)]1.6 mL 1 h

0.179 g 
(1 mmol) 3- DMF 

2 mL
60 3 h

80 4 h
10 min

0.0174 g 
(0.146 mmol) DMAP 0.00176 g (0.0144 mmol)

 2 mL
4

ATRP BiBB 0.0465 g (0.202 
mmol) 247.5 μL 

30 
min 25 4 h

15 min
AAm 0.119g (1.67 

mmol), AN 0.018 g (0.332 mmol), CuBr( ) 0.010 g 
(0.0697 mmol), PMDETA 0.121 g (0.697 mmol), L-

 0.123 g (0.697 mml) DMSO 2 mL
DMSO BiBB
40 6 h
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poly(AAm-co-AN)-g-glass

Erma
G-1

(20)

±0.1
26 3 μL 1

min 5

40
40

(SPM) Shimadzu  SPM-9500J3
Innovation Solutions Bulgaria Ltd

Budget sensors Tap300AI-G
30 μm×30 μm 0.5 Hz

g-glass
HJ-3160W

g-glass 4
φ15 mm PS (Nunc)

g-glass
1 mL 3

UV 30 cm
g-glass 1 h UV

HeLa 10 FCS 1 NEAA MEM
HeLa 1 mL Trypsin

(2.5 mg mL-1) HeLa
(3.0×104 cells mL-1) 800 μL

g-glass
APC-50D 5%

30 24 h

2.4 HeLa g-glass
HeLa PBS
1

(IX71 OLYMPUS)
(DP72-BSW)

37
SCA-165D g-glass

30 min  800 μL
PBS 3

(IX71 OLYMPUS)
(DP72-BSW)

(IX71 OLYMPUS)
5

(%)

CW

UCST
poly(AAm-co-AN)-g-glass

poly(AAm-co-AN)
SPM (30 μm×30 μm)

Fig.1
 poly(AAm-co-AN)

g-glass

 g-glass (θ)

26 θ=21
poly(AAm-co-AN) g-glass θ=69
poly(AAm-co-AN) θ

40 θ
g-glass θ=65

poly(AAm-co-AN) UCST

Fig.1 SPM image of glasses; (a)Untreated, 
(b)g-glass.  
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3.1 SPM
g-glass

g-glass HeLa
4

12 mm g-glass
UV

3.0×104 cells mL-1 HeLa 24 h
Fig.2 30 HeLa 

g-glass

g-glass
PBS(25 ) 1

37
g-glass 4

30 min PBS(25 ) 3
HeLa

Fig.3
g-glass 98 9%

90% UCST
poly(AAm-co-AN) UCST

HeLa UCST

UCST 2-
-3-

(SBMA)(21),(22)

UCST

UCST

PBS
UCST

UCST

(23)

SPM

poly(AAm-co-AN)
poly(AAm-co-AN) 26

40
UCST

HeLa
poly(AAm-co-AN) 30

poly(AAm-co-AN)
37

UCST

Fig.2 Phase-contrast microscope observation of 
HeLa cells attached glsses; (A)30°C and (B) 37°C. 
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Fig.3 Mechanical and thermal stimuli-exfoliation of 
HeLa cells attached on g-glass at 37 after 
cultivation at 30  for 24 hr. 
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