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T a b le  A 1 B o v in e  S eru m  A lb u m in  ( B S A )  stan d ard s and  th e ir  n e t  ab so rb a n ce

APPENDICES

Appendix A Bicinchoninic Acid Protein Assay (BCA Analysis)

S ta n d a rd
N o.

S ta n d a rd  B S A  
C o n cen tra tio n  ( |ig /m l)

A v e r a g e  N et  
A b so r b a n c e

1 100 0 .3 0 7 6
2 50 0 .1 5 6 6
3 25 0 .0783
4 10 0 .0 3 2 6
5 5 0 .0083
6 2.5 0 .0 0 9 4
7 1 0 .0 0 8 4
8 0.5 0 .0 0 0 6
9 0 0

0 20 40 60 80 100 120
Protein Concentration (ng/ml)

F ig u r e  A 1 T h e  c a lib ra tio n  c u r v e  for  B S A  u s in g  th e  stan dard s.
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T a b le  A 2 The am ount o f  protein adsorbed on the surface o f  PCL film  
(diam eter = 1 .5  cm ) at various annealing tim e

A n n e a lin g  T im e  (h)
A m o u n t o f  P ro te in  A d so rb ed  

(p g /c m 2)
0 0 .0 3 1 2 2  ± 0 .0 0 2 8 7
1 0.03241  ±  0 .0 0 1 4 8
2 0 .03293  ± 0 .0 0 2 9 1
3 0 .0 3 3 2 0  ±  0 .0 0 0 8 2
4 0 .0 3 5 5 6  ± 0 .0 0 1 3 2
5 0 .0 3 4 0 3  ± 0 .0 0 3 0 1
6 0.03451  ± 0 .0 0 2 7 9
12 0 .0 3 2 6 9  ±  0 .0 0 2 0 4
24 0 .0 3 3 2 3  ±  0 .0 0 4 0 4

T a b le  A 3  T he adsorption isotherm  o f  the adsorbed b ovin e serum  album in on  the 
neat PCL film s (diam eter =  1.5 cm ) casted  from different so lvent system s at various  
in itial protein concentration

In itia l P ro te in A m o u n t o f  P ro te in  A d so rb ed  (f ig /c m 2)
C o n cen tra tio n  (p g /m l) C h lo ro fo rm A c e to n e

2 0 0 0 .0 3 2 3 2  ±  0 .00011 0 .0 3 2 2 5  ±  0 .00015
4 0 0 0 .0 3 2 8 2  ±  0 .0 0 0 0 4 0 .0 3 2 3 7  ±  0 .0 0 0 3 0
600 0 .0 3 3 8 2  ± 0 .0 0 0 1 0 0 .0 3 2 7 8  ±  0 .0 0 0 0 6
800 0.03371  ± 0 .0 0 0 0 8 0 .0 3 2 8 8  ±  0 .0 0 0 0 9
1000 0 .0 3 3 8 7  ± 0 .0 0 0 1 4 0 .0 3 2 9 5  ± 0 .0 0 0 1 4
1400 0 .0 3 4 1 6  ± 0 .0 0 0 0 9 0 .0 3 3 6 5  ±  0 .0 0 0 5 0
2 0 0 0 0 .0 3 4 1 6  ± 0 .0 0 0 0 6 0 .0 3 4 6 7  ±  0 .0 0 0 0 8
3 0 0 0 0 .0 3 4 4 6  ± 0 .0 0 0 1 1 0 .0 3 4 9 5  ±  0 .0 0 0 3 2
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In it ia l P ro te in A m o u n t o f  P ro te in  A d so rb ed  (n g /c m 2)
C o n cen tra tio n  (|4.g/mi) T H F 2 0 :8 0  (v /v ) E tO H :T H F

20 0 0 .03221  ± 0 .0 0 0 1 2 0 .0 3 3 0 5  ±  0 .0 0 0 2 4
400 0 .0 3 2 9 0  ±  0 .0 0 0 0 4 0 .0 3 3 2 6  ± 0 .0 0 0 1 0
600 0 .0 3 3 3 6  ± 0 .0 0 0 1 3 0 .03321  ±  0 .0 0 0 0 4
800 0 .0 3 3 7 5  ±  0 .00008 0 .0 3 3 3 6  ±  0 .0 0 0 0 2
1000 0 .0 3 3 9 9  ±  0 .00006 0 .0 3 3 7 2  ±  0 .00001
1400 0 .0 3 4 0 5  ± 0 .0 0 0 1 9 0 .0 3 3 9 2  ±  0 .0 0 0 0 7
20 00 0 .0 3 4 2 2  ±  0 .0 0 0 2 2 0 .03511  ± 0 .0 0 0 0 8
3000 0 .0 3 4 3 2  ± 0 .0 0 0 1 1 0 .03511  ± 0 .0 0 0 0 3

In it ia l P ro te in A m o u n t o f  P ro te in  A d so rb ed  (n g /c m 2)
C o n cen tra tio n  (jig /m l) 3 0 :7 0  (v /v ) E tO H :T H F 4 0 :6 0  (v /v ) E tO H :T H F

20 0 0 .0 3 3 1 9  ± 0 .0 0 0 0 9 0 .0 3 3 2 0  ± 0 .0 0 0 1 1
4 0 0 0 .0 3 3 3 7  ±  0 .0 0 0 0 9 0 .0 3 3 1 4  ± 0 .0 0 0 0 6
600 0 .0 3 3 6 2  ± 0 .0 0 0 1 5 0 .0 3 3 4 0  ± 0 .0 0 0 1 1
800 0 .0 3 3 6 3  ± 0 .0 0 0 1 1 0 .0 3 3 5 7  ±  0 .0 0 0 0 6
1000 0 .0 3 3 9 3  ±  0 .00008 0 .0 3 4 7 3  ±  0 .0 0 0 3 7
1400 0 .0 3 4 5 8  ±  0 .00009 0 .0 3 7 4 9  ±  0 .00033
20 00 0.03521  ± 0 .0 0 0 0 8 0 .0 3 7 5 5  ± 0 .0 0 0 1 3
3 000 0 .0 3 5 3 0  ±  0 .00007 0 .0 3 8 5 2  ± 0 .0 0 0 1 3

In it ia l P ro te in A m o u n t o f  P ro te in  A d so rb ed  (n g /c m 2)
C o n cen tra tio n  (fjg /m l) 1 M  N a O H 5 M  N a O H

20 0 0 .0 3 2 3 3  ±  0 .00006 0 .0 3 2 7 0  ±  0 .0 0 0 0 5
4 0 0 0 .0 3 2 7 9  ±  0 .0 0 0 0 6 0 .0 3 2 9 6  ± 0 .0 0 0 1 2
6 00 0 .0 3 3 5 5  ± 0 .0 0 0 2 1 0 .0 3 3 2 2  ±  0 .0 0 0 0 8
800 0 .0 3 4 0 9  ±  0 .00008 0 .0 3 4 1 5  ± 0 .0 0 0 1 1
1000 0 .03411  ± 0 .0 0 0 0 8 0 .0 3 4 8 3  ±  0 .0 0 0 0 8
1400 0 .0 3 4 1 9  ± 0 .0 0 0 0 6 0 .0 3 4 8 0  ± 0 .0 0 0 1 0
2 0 0 0 0.03411  ± 0 .0 0 0 0 6 0 .0 3 5 1 9  ± 0 .0 0 0 0 6
3000 0 .0 3 4 2 6  ±  0 .00005 0 .0 3 5 4 5  ±  0 .0 0 0 0 6
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T a b le  A 4  T h e a d so rp tio n  iso th e r m  o f  th e  a d so rb ed  b o v in e  seru m  a lb u m in  o n  the  
n eat and  m o d if ie d  P C L  f ilm s  (d ia m e te r  = 1 . 5  c m )  ca sted  fro m  4 0 :6 0  E tO H :T H F

In it ia l P rote in  
C o n cen tra tio n  

(n g /m l)

A m o u n t o f  P ro te in  A d so rb ed  (p g /cm 2)

N ea t P C L A m in o ly zed  P C L A c tiv a te d  P C L

20 0 0 .0 3 3 2 0  ± 0 .0 0 0 1 1 0 .0 3 1 8 9  ± 0 .0 0 0 1 5 0 .0 3 3 2 2  ± 0 .0 0 0 1 2
400 0 .0 3 3 1 4  ± 0 .0 0 0 0 6 0 .0 3 1 9 7  ±  0 .0 0 0 1 2 0 .0 3 3 5 0  ± 0 .0 0 0 1 0
600 0 .0 3 3 4 0  ±  0 .00011 0 .03231  ± 0 .0 0 0 1 7 0 .0 3 3 6 0  ± 0 .0 0 0 1 5
800 0 .0 3 3 5 7  ±  0 .0 0 0 0 6 0 .0 3 2 4 7  ±  0 .0 0 0 0 7 0 .0 3 4 3 8  ± 0 .0 0 0 1 6
1000 0 .03473  ±  0 .0 0 0 3 7 0 .0 3 2 4 6  ±  0 .0 0 0 0 7 0.03531  ± 0 .0 0 0 1 6
1400 0 .0 3 7 4 9  ±  0 .0 0 0 3 3 0 .0 3 2 7 7  ±  0 .0 0 0 0 9 0 .0 4 0 8 0  ± 0 .0 0 0 1 8
2 0 0 0 0 .03755  ± 0 .0 0 0 1 3 0 .0 3 3 0 5  ± 0 .0 0 0 1 2 0 .0 4 3 6 0  ± 0 .0 0 0 1 8
3 0 0 0 0 .0 3 8 5 2  ± 0 .0 0 0 1 3 0 .0 3 3 0 9  ± 0 .0 0 0 1 6 0.04401  ±  0 .0 0 0 2 9
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A p p en d ix  B  A to m ic  F o rce  M icro sco p y  (A F M )

T a b le  B1 The variation o f  roughness param eters (R a, Rq, and R z) o f  the film s casted  
from  different so lven ts

R o u g h n ess  

S o lv e n t X\

A r ith m etic  
A v era g e  

R o u g h n ess  
(R a, p m )

R o o t M ea n  
S q u a re  

R o u g h n ess  
(R<1, p m )

A b so lu te  H e ig h t  
(R z, p m )

TC PS 0 .0 0 4 3 6  ±  0 .0 0 0 7 4 0 .0 0 4 9 4  ± 0 .0 0 0 7 8 0 .0 1 6 7 1  ± 0 .0 0 1 3 8
Chloroform 0 .0 1 5 6 4  ± 0 .0 0 0 9 3 0 .0 1 9 9 2  ± 0 .0 0 1 5 7 0 .0 9 6 1 0  ± 0 .0 0 5 4 6

THF 0 .2 2 1 0 0  ± 0 .0 0 6 0 8 0 .2 8 9 0 0  ± 0 .0 1 6 8 2 1 .35633  ± 0 .1 2 2 0 8
1 M  N aO H 0 .3 2 4 0 0  ± 0 .0 1 2 0 0 0 .4 1 4 3 3  ±  0 .0 2 3 5 0 1.07933  ± 0 .1 1 6 2 5
5 M  N aO H 0 .3 7 8 3 3  ±  0 .00945 0 .4 8 0 3 3  ± 0 .0 1 7 2 1 1 .1 5 7 0 0  ± 0 .1 0 3 9 2

A cetone 0 .4 0 6 6 7  ±  0 .03803 0 .4 9 2 3 3  ±  0 .0 3 5 7 3 1 .4 2 8 6 7  ± 0 .0 7 4 6 3
20:80  EtOH:THF 0 .5 3 6 6 7  ± 0 .0 1 1 6 8 0 .6 6 3 0 0  ± 0 .0 5 2 3 1 1 .6 2 5 0 0  ± 0 .2 9 0 9 1
30:70  EtOH:THF 0 .5 9 2 0 0  ±  0 .0 0 4 0 0 0 .6 8 4 0 0  ±  0 .00361 1.93633  ± 0 .0 8 1 0 5
4 0 :6 0  EtO H :TH F 0 .9 7 3 6 7  ±  0 .0 7 8 4 9 1.19933 ± 0 .0 1 5 3 1 2 .4 8 9 6 7  ±  0 .8 7 0 3 2
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A p p en d ix  c  B io lo g ica l C h a ra c ter iza tio n

T a b le  C l  Indirect cy to tox ic ity  evaluation  o f  protein adsorbed film s show n by the 
percent v iab ility  o f  c e lls  by M TT assay

M a ter ia ls
%  v ia b ility  o f  M C 3 T 3 -E 1  ce lls  (r e la tiv e  to  T C P S )

1 d 3 d 7 d
TC PS (control) 100 .00  ± 2 .8 7 100.00 ± 6 .4 7 100 .00  ±  1.75

C hloroform 89.73  ± 4 .7 5 9 5 .7 4  ±  9.03 111 .50  ± 7 .3 4
A ceton e 9 7 .3 4  ±  7 .60 88 .76  ± 8 .5 7 9 4 .7 7  ±  15.52

THF 87.45  ±  2.63 88 .37  ±  10.03 8 3 .6 2  ± 5 .5 3
2 0:80  EtOH:THF 105.32 ± 7 .4 2 93.41 ± 5 .9 7 9 4 .7 7  ± 6 .1 2
30:70  EtOH:THF 103.42  ± 5 .8 5 102.33 ± 6 .4 7 106 .97  ±  13.60
4 0 :6 0  EtO H :TH F 89.35  ± 6 .5 9 9 2 .6 4  ±  5 .97 85.71 ± 6 .2 7

1 M  N aO H 9 3 .1 6  ± 2 .3 7 8 5 .66  ±  6 .40 8 4 .6 7  ± 8 .1 6
5 M N aO H 114.45 ± 2 .3 7 9 5 .74  ± 3 .5 5 100 .70  ± 8 .8 9

T a b le  C 2  Indirect cy to tox ic ity  evaluation  o f  surface-m odified  f ilm s sh ow n  by the 
percent v iab ility  o f  c e lls  by M TT assay

M a ter ia ls
%  v ia b ility  o f  M C 3T 3-E 1  ce lls  (r e la t iv e  to T C P S )

1 d 3 d 7 d
T C PS (control) 100.00 ± 2 .8 7 100 .00  ± 6 .4 7 100 .00  ±  1.75

N eat C hloroform 9 2 .78  ±  0 .6 6 9 8 .8 4  ± 8 .1 4 8 5 .02  ±  1.60
A m in o lyzed  C hloroform 126.62 ±  10.28 9 3 .8 0  ± 2 .9 3 103.48 ± 6 .9 6

A ctivated  C hloroform 112.55 ± 8 .86 90.31 ± 9 .4 7 9 6 .5 2  ±  11.47
A dsorbed C hloroform 128.14 ± 7 .0 3 105.43 ± 3 .4 8 112.20 ± 4 .9 4
N eat 4 0 :6 0  EtO H :TH F 115.59  ± 5 .8 5 102.33 ± 3 .4 9 97.91 ± 4 .3 5

A m inolyzed40:60E tO H :T H F 116.73 ±  11.87 103 .49  ±  10.34 114.63 ±  10.15
A ctivated  4 0 :6 0  EtOH:THF 116.35 ±  10.14 103.88 ± 9 .0 3 101.05 ± 3 .6 7
A dsorbed 40:60  EtO H :TH F 133.61 ±  12.82 123.26 ± 7 .2 6 119 .86  ± 6 .3 9
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T a b le  C 3  C ell attachm ent on  protein  adsorbed film s show n by the percent v iab ility  
o f  c e lls  by M TT assay

M a ter ia ls
%  v ia b ility  o f  M C 3 T 3 -E 1  cells (r e la tiv e  to  T C P S  a t 2 4  h )

4 h 16 h 24  h
TC PS (control) 63.21 ±  1.63 8 0 .6 6  ±  1.42 100.00 ± 6 .3 8

C hloroform 58.49  ±  7 .7 9 7 4 .0 6  ±  1.63 9 3 .4 0  ± 6 .1 7
TH F 66.04  ±  6 .3 8 89 .15  ± 5 .6 6 89 .62  ± 2 .1 6

A ceton e 52.83 ±  4 .9 7 7 8 .3 0  ± 6 .6 9 9 7 .1 7  ±  7 .12
1 M  N aO H 59.43 ±  12.58 88 .68  ± 4 .0 9 109.91 ± 5 .3 6
5 M  N aO H 82.55 ±  7 .2 6 94.81 ± 5 .6 6 110.38 ± 6 .4 8

20:80  EtOH:THF 71.70  ± 8 .9 9 9 0 .5 7  ± 3 .7 4 113.21 ± 3 .7 4
30:70  EtOH:THF 83.96  ±  7 .2 6 9 3 .8 7  ±  1.63 108.49 ± 7 .7 9
4 0:60  EtOH:THF 85.85 ±  0 .8 2 102.83 ±  1.63 125.47 ± 8 .1 7

T a b le  C 4  C ell proliferation on protein adsorbed film s show n by the percent v iab ility  
o f  ce lls  by M TT assay

M a ter ia ls
%  v ia b ility  o f  M C 3 T 3 -E 1  cells (r e la tiv e  to  T C P S  a t 1 d )

1 d 2 d 3 d
TC PS (control) 100.00 ± 6 .3 8 129.39 ± 6 .1 3 192.45 ± 3 .7 4

C hloroform 9 3 .40  ± 6 .1 7 99 .53  ±  11.35 136 .32  ± 5 .8 9
THF 89.62  ± 2 .1 6 114 .62  ± 6 .1 7 143.40 ±  12 .04

A ceton e 97 .17  ± 7 .1 2 119.34 ± 7 .2 6 161.79 ±  15 .59
1 M  N aO H 109.91 ±  5 .36 117 .45  ±  11.23 155 .19  ±  9.21
5 M  N aO H 110.38 ± 6 .4 8 140.09 ± 5 .1 0 183 .49  ±  10 .99

20:80  EtOH:THF 113.21 ± 3 .7 4 121.23 ± 5 .7 2 158 .49  ±  16 .32
30:70  EtOH:THF 108.49 ± 7 .7 9 135 .38  ±  12.76 198.58 ±  16 .40
40:60  EtOH:THF 125.47 ± 8 .1 7 158 .96  ± 6 .9 8 2 1 2 .2 6  ±  13.65
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T a b le  C 5  C e ll a tta ch m en t o n  su r fa c e -m o d if ie d  f ilm s  c a ste d  from  c h lo r o fo r m  and  
4 0 :6 0  (v /v )  E tO H :T H F  sh o w n  b y  th e  p ercen t v ia b ility  o f  c e l l s  b y  M T T  a ssa y

M a ter ia ls
“/«•viability o f  M C 3T 3-E 1  (re la tiv e  to T C P S  a t 2 4 h )

4 h 16 h 24  h
T C P S  (c o n tr o l) 6 3 .2 1  ะเะ 1 .63 8 0 .6 6  ±  1 .4 2 1 0 0 .0 0  ± 6 . 3 8

N e a t C h lo ro fo rm 5 0 .0 0  ±  4 .0 9 6 1 .7 9  ± 2 .9 5 8 8 .2 1  ± 2 . 1 6
A m in o ly z e d  C h lo ro fo rm 6 2 .2 6  ±  4 .9 0 8 3 .4 9  ± 2 . 3 8 10 4 .0 1  ± 3 . 7 4

A c tiv a te d  C h lo ro fo rm 5 5 .1 9  ±  2 .3 1 8 4 .2 0  ± 3 . 6 5 1 0 2 .5 9  ± 5 . 2 8
A d so rb ed  C h lo ro fo rm 6 2 .7 4  ±  4 .9 7 8 7 .7 4  ± 2 . 4 5 1 0 6 .1 3  ± 2 . 4 5

N e a t  4 0 :6 0  E tO H :T H F 6 8 .8 7  ± 8 .6 5 8 3 .0 2  ±  10 .81 9 6 .2 3  ± 5 . 1 0
A m in o ly z e d 4 0  ะ 6 0 E tO H  ะ'T H F 8 0 .6 6  ±  2 .6 5 9 9 .0 6  ± 3 . 7 5 1 0 4 .7 2  ± 8 .0 1
A c tiv a te d  4 0 :6 0  E tO FE T H F 7 6 .8 9  ± 6 . 3 8 9 7 .6 4  ± 3 . 7 4 1 1 2 .7 4  ± 6 . 5 4
A d so r b e d  4 0 :6 0  E tO H :T H F 8 2 .0 8  ±  4 .2 5 1 0 6 .1 3  ± 7 . 3 5 14 8 .1 1  ± 5 . 3 6

T a b le  C 6 C e ll p ro lifera tio n  o n  su r fa c e -m o d ifie d  f ilm s  c a ste d  from  c h lo r o fo r m  and  
4 0 :6 0  (v /v )  E tO H :T H F  s h o w n  b y  th e p ercen t v ia b ility  o f  c e l l s  b y  M T T  a ssa y

M a ter ia ls
“/«•viability o f  M C 3 T 3 -E 1  (r e la tiv e  to  T C P S  a t 1 d )

1 d 2 d 3 d
T C P S  (c o n tr o l) 1 0 0 .0 0  ± 6 . 3 8 1 2 9 .3 9  ± 6 .1 3 1 9 2 .4 5  ± 3 . 7 4

N e a t  C h lo ro fo rm 8 8 .2 1  ± 2 . 1 6 9 9 .0 6  ±  3 .7 4 1 2 5 .0 0  ± 3 . 2 7
A m in o ly z e d  C h lo ro fo rm 104 .01  ± 3 .2 3 1 0 9 .6 7  ± 7 . 6 0 1 2 1 .7 0  ±  4 .1 5

A c tiv a te d  C h lo ro fo rm 1 0 2 .5 9  ± 5 . 9 4 1 1 2 .5 0  ± 7 . 3 4 1 3 5 .1 4  ± 3 . 3 4
A d so r b e d  C h lo ro fo rm 1 0 6 .1 3  ± 2 . 4 5 1 2 6 .8 9  ± 9 .2 1 1 6 6 .9 8  ± 3 . 7 4

N e a t  4 0 :6 0  E tO H :T H F 9 6 .2 3  ± 5 . 1 0 10 9 .9 1  ± 4 . 0 9 1 3 1 .6 0  ± 3 . 7 4
A m in o ly z e d 4 0 :6 0 E tO H :T F lF 1 0 4 .7 2  ± 8 .0 1 1 1 4 .6 2  ± 6 .8 3 1 4 8 .5 8  ±  1.23
A c tiv a te d  4 0 :6 0  E tO FE T H F 1 1 2 .7 4  ± 6 . 5 4 1 4 1 .9 8  ± 7 . 1 2 1 5 7 .0 8  ±  14.91
A d so r b e d  4 0 :6 0  E tO H :T H F 14 8 .1 1  ± 5 . 3 6 1 6 7 .9 2  ± 4 . 5 5 2 4 3 .8 7  ± 7 . 7 9



7 7

T a b le  C 7  T h e  a v era g e  a b so rb a n ce  o f  A liza r in  R e d -S  s ta in in g  o n  d a y  21 b y  
m in e r a liz a tio n  a n a ly s is

M ateria ls
A v era g e  a b so rb a n ce  a t 5 7 0  nm

N ea t P C L  film
P r o te in -a d so rb ed  

P C L  film
T C P S  (co n tro l) 0 .1 3 0 6 7  ± 0 .0 0 9 0 7 0 .1 3 0 6 7  ± 0 .0 0 9 0 7

C h lo ro fo rm 0 .1 4 8 6 7  ± 0 .0 0 6 8 1 0 .1 9 0 6 7  ± 0 .0 1 2 0 1
T H F 0 .1 6 3 6 7  ± 0 .0 0 6 8 1 0 .1 9 8 0 0  ± 0 .0 0 9 1 7

A c e to n e 0 .1 9 2 0 0  ± 0 .0 0 3 6 1 0 .2 0 8 6 7  ±  0 .0 0 2 5 2
1 M  N a O H 0 .2 1 0 6 7  ± 0 .0 0 6 5 1 0 .2 1 4 3 3  ± 0 .0 0 4 5 1
5 M  N a O H 0 .2 1 0 0 0  ± 0 .0 0 9 5 4 0 .2 1 9 3 3  ± 0 .0 0 1 5 3

2 0 :8 0  E tO H :T H F 0 .2 2 7 6 7  ± 0 .0 0 6 5 1 0 .2 4 9 0 0  ±  0 .0 0 2 6 5
3 0 :7 0  E tO H :T H F 0 .2 5 5 3 3  ± 0 .0 1 3 0 1 0 .2 8 2 3 3  ± 0 .0 1 3 6 5
4 0 :6 0  EtO H :TFIF 0 .3 0 9 0 0  ± 0 .0 0 7 2 1 0 .4 3 9 6 7  ±  0 .0 0 6 0 3
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C U R R IC U L U M  V IT A E

N am e: M s. V ip a w e e  Y a m a ssa tie n
D a te  o f  B ir th : M a y  4 , 19 8 8
N a tio n a lity :  T hai
U n iv e r s ity  E d u ca tio n :

2 0 0 6 -2 0 1 0  B a c h e lo r  D e g r e e  o f  N a n o  E n g in e e r in g , F a c u lty  o f  E n g in e e r in g , 
C h u la lo n g k o m  U n iv e r s ity , B a n g k o k , T h ailan d  
P ro ceed in g :
1. Y a m a ssa tie n , V .;  P av asan t, p .;  and  S u p a p h o l, p . (2 0 1 2 , M a rch ) In flu e n c e  o f  

su r fa ce  m o r p h o lo g y  to  the p ro te in  a d so rp tio n  o n  p o ly c a p r o la c to n e  film . 
P r o c e e d in g s  o f  th e  3 rd R esea rch  S y m p o s iu m  o n  P e tr o c h e m ic a l and M a ter ia ls  
T e c h n o lo g y  and th e  18th P P C  S y m p o s iu m  o n  P etro leu m , P e tr o c h e m ic a ls , and  
P o ly m e r s  2 0 1 2 , B a n g k o k , T h a ila n d .

P resen ta tio n :
1. Y a m a ssa tie n , V .; P av asan t, p .; and  S u p a p h o l, p . (2 0 1 2 , A p ril 2 4 )  In flu e n c e  o f  

su r fa ce  m o r p h o lo g y  to  th e  p ro te in  a d so rp tio n  o n  p o ly c a p r o la c to n e  f ilm . P o ster  
p resen ted  at th e  3 rd R esea rch  S y m p o s iu m  o n  P e tr o c h e m ic a l an d  M a ter ia ls  
T e c h n o lo g y  and  th e  18th P P C  S y m p o s iu m  o n  P etro leu m , P e tr o c h e m ic a ls , and  
P o ly m e r s  2 0 1 2 , B a n g k o k , T h a ila n d .
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