-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by Xiamen University Institutional Repository

2K 5. 10384 sy B
2 5. 200325105 UDC

B R}

(IS O VA &

REMRASHN;EEERHEEERAD
JE{sL ATR-FTIR & EQCM #f5%

In Situ ATR-FTIR and EQCM Study on the Interaction of

Hydroxyapatite with Bovine Serum Albumin

ot

FFRIFHL: K G 7 K
+ bk g R 4 E K F
WXRZAH: 20064 6 A
WX AR 20064 A

FLRTEH: 20065 A

B TR
PF [54] N

2006 -6 H


https://core.ac.uk/display/41409359?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

In Situ ATR-FTIR and EQCM Study on the Interaction of

Hydroxyapatite with Bovine Serum Albumin

A Thesis Submitted to the Graduate School in Partial Fulfillment of
the Requirements for the Degree of

Master of Science

By

Qing Ye

Directed by Prof. Chang-Jian Lin

Department of Chemistry, Xiamen University

June, 2006






B TR SR A = B

2RI, SEARNLE SINFE S T M 58 5T %
Fo RKNERLGETSH AN NBEEAR TR, S
SCHR LA T SR o A AR AT R R e S AR TR BRI
DT






B TR AL SR AUE FH 7= B

ARNFEA T BT TR A AR A A AR ST RS« JZTTR
A BUOR B I ) [ 5K A B ) BIL AR 5 WU IR AT 10 S A 4R it RBONT FE,
TR BB AL SO T AR B H 2> 8 I SV e SCHE N
R PERAT, AR A 0 10 ST N 259w AN DS B EBE TR R
A B 7 10 ST AR AN BT i o DR ) S 18 SCHE A i
JHAKLE

NSRS S T

1. /% C D, 1& T e id AR S

2. AMrE C )

CGEELLEANAE ST “ V7))

(R =P E F H H
TIMREA H 391 = H H






B—E BB e

§1-1 AR EI R R . o e
§1-2 AR I
§1-2-1 AEME B R
§1-2-2 AEWHEATEL ..o
§1-2-3 EEHRI THAEL o
§1-3 MR —BABREEER ...,
§1-3-1 ZEMIAH R R HIPERE IR e e,
§1-3-2 AR MEREMIEIMT. .o e e e e
§1-3-3 A LEEMIM R IR o
§81-3-4 AR B IIZRA oo
§1-4 MR S EEEEERAMR AR . oo,
§1-5 RIS THIFARBRIFINEIE ...
B NTRE . o

FLE KW AEFMEE.

82-1 MR AR &
YA 3 =F 1R3-SR
§2-2-1 FIHHE T U e
§2-2-2 SR T I BB e
§2-2-4 LM GHE .o o e,
82-2-5 B i e e

~ O o oM M DM W NN PP

e
w P

17

A7
17
17
18
18
18
18



H

82-3 MBI EEEEEERBREAIAR. ...
§2-3-1 A ST ZL AR G e
§2-3-2 HAL AT S AR IR T e e

82-4 BHER S RERBITT oo
§2-4-1 ZIAMGIE HIZR LA .,
82-4-2 ] I e

B ... e,

FZE £PPMRS5FMEEEEAEERMER ATR-FTIR

B o e s

83-1 ATR-FTIR ...t ittt ittt e e e e e e
§3-1-1 ATR-FTIR REHEIL ... oo e e,
83-1-2 ATR-FTIR [ .. ittt e e e e e,
§3-1-3 ATR-FTIR 1EF I M A AWt RN

§3-2 REMRAS4MBEAZERHEEERAN ATR-FTIR fiR.................
§3-2-1 HA AL U B e e
§3-2-2 HA B 2RI o oo
§3-2-3 HA 5/RILis A B EAE IR ATR-FTIR RAE.....oevee e

§3-3 MR /\SS 54 MFRAEAMEMERAN ATR-FTIRFAR..........
§3-3-1 OCP [ FE AL 2R A8 e
§3-2-2 OCP 12 IR oo e e
§3-3-3 OCP 5/~ 1fiiis & AR TLAE I A7 ATR-FTIR RAE. ...

§3-4 RBHBEF4MEAERHEEERAM ATR-FTIRMR. ...
§3-4-1 ARIR R T I B e e
§3-4-2 EKIREETEJZMIZRIE .. oo e
§3-4-3 BRI L 5 AR A B EAR AR TR R A, ATR-FTIR SRAE............

83-5 AR BN e,

B ... e,

19

19

.20

21
21

21
.23

24

24

24
24
27

.28

28
30

38

38

39

42

.42
.42

43

44
.45



H

FMNE RUFARGBEMRTERMARETAZEEZHRARE
S54nNFEEEE/MEEMERTRE....

84-1 B A ERIRRIR T
§4-1-1 EQCM JEFH . ..ottt e e e e e
§4-1-2 EQCM ST ..o e
84-1-3 EQCM TEER M A IBIFIEERE ..o

§4-2 EQCM R EREFEREBIRABIMARTIE ...
84-2-1 LI oo e e e e,
§4-2-2 FIALZEURL HA BIMLEEZRIT .o,

§4-3 QCM BRI R BRI .. e e e
§4-3-1 QCM LK Au RIS EWRME) )l e
§4-3-2 HA LA B 5 R
§4-3-3 ML ZETY o e e e

Bh-4 AR BN

FLE REMNASFNEFRERHEEERINELRIT........

§5-1 HA 5 BSA BIREEIER ...
o | R 7 SRR
85-1-3 XRD ST e e e e

85-2 BSA 5 HA BB Mmoo
§5-2-1 HA ARG MR R TR S oo
§5-2-2 T I e e e e e e e,
85-3-1 CD WU RIS oo
§5-3-2 IR WFSUER A B AERIMIEAS e

85-4 ZREE/NGE ..,

49

.49

49
50

.50

51

.51
.01
.56

56
58

.59
.99
.60

62

.62
.62
.63
.63
.65

65
65

.68

69

e
7



EEBUEM T F B A RS ZRMAIIEIL .o



Contents

Contents

ADStract iN ChiNESE.......ccooi i i

Abstract in English.............ccooii i

Chapter 1 INtroducCtion.............cooiiiiiiie e 1
81-1 Brief Introduction of BiomaterialS..........oovvveiieiiii i 1
81-2 Three kinds of Biomedical MaterialS...........oovveeieei i 2

§1-2-1 Biomedical Metal MaterialS...........cooovviieiiiiiie e e e 2
81-2-2 Bioceramics MaterialS.........oovivuiieii i i, 3
81-2-3 Biomedical Macromolecule Materials.............cccoovviiiiiiiiinn a4
81-3 The Interaction of Biomaterial with Protein......................cooovee a4

81-3-1 Effects of Surface Properties of BiomaterialS................coovvviiiinnn. 4
§1-3-2 Effects of Surface Properties of Proteins.............coovvveviiiinninnnnnn. 5
81-3-3 Protein adsorption on BiomaterialS...........ovuuveiiiiiiiii i 6
§1-3-4 The Changes of Protein Secondary Structure..............c.cooveveinnennnsn. 6
81-4 Experimental Methods for Investigation the Interaction between
Biomaterials and Protein.........ccouveiin i e e 7
81-5 Objectives and Contents of the ThesSiS..........coviiiiiiiiiii e 11

RTINS . e ettt e e e e e e e 13

Chapter 2 Experimental Methods and Instruments........................ 17
8§2-1 Electrochemical Deposition Setup of Biomaterials...................cooeveneee. 17
82-2 Characterization of Physico-chemical Properties..............cccoovoiiininne. 17

§2-2-1 Scanning Electron MiCrOSCOPY ... .. vvuvieine it e e 17

82-2-2 AtomiC FOrce MICIOSCOPY ... uuvvneieiieeneaieeieeievenieieieiieeaneeneens e 18
§2-2-3 X-ray Diffraction Method.............cooviiiii i 18
82-2-4 Infrared SPECLIOSCOPY.....ieut e iiniitieene e aieeiiieniennene e enn e 18
82-2-5 RAMAN SPECLIOSCOPY .. vtuntenetiiettetet et e e et e et re e e eaen e e 18
82-3 In situ Study on the Interaction of Biomaterial and Protein..................19

§2-3-1 Attenuated Total Reflection Fourier Transform Infrared Spectroscopy...19



Contents

82-3-2 Electrochemical Quartz Crystal Microbalance...................c.cceneee.
82-4 Study on Protein Secondary StruCtUre..........covvuiriieiiiiiiieie e
82-4-1 Curve fitting by Infrared SpectroSCOPY.........oovvvriveiiiviiiiie e,
82-4-2 Circular DiChroiSmM.......cooui it i e e e e e e e e

RO OIS . .. et e e e e e e e e e

Chapter 3 In Situ ATR-FTIR Study on the Interaction of

Biomaterials with BSA ... 24

§3-1-1 Brief Introduction of ATR-FTIR.........ciiii i 24
83-1-2 The Principle of ATR-FTIR.......coiiii e 24
83-1-3 The Application of ATR-FTIR Study on Interface and Biomedicine...... 27
83-2 In Situ ATR-FTIR Study on the Interaction of HA with BSA.................. 28
83-2-1 Electrochemical Preparation of nano HA Coating.............c...cooeveneee. 28
83-2-2 Characterization of nano HA Coating.........coovvviveiii v i 30
83-2-3 In situ ATR-FTIR Study on HA/BSA Interface..........c.cocoovviininnnn. 36
83-3 In Situ ATR-FTIR Study on the Interaction of OCP with BSA...............38
83-3-1 Electrochemical Preparation of OCP Coating.............cocvvviniennnnn. 38
83-3-2 Characterization of OCP Coating..........ccvovvvvvviiiiiiiiiieennen .. 39
83-3-3 In situ ATR-FTIR Study on OCP/BSA Interface...........cccvvuvvenenn. 40
83-4 In Situ ATR-FTIR Study on the Interaction of TNT with BSA...............42
§3-3-1 Preparation of TNT COatiNg......ocevuneieieeiiieeveeiiiee e e 42
83-3-2 Characterization of TNT C0ating.........covveiuiriiiiiiiiiiie e, 42
§3-3-3 In situ ATR-FTIR Study on TNT/BSA Interface............cccvevvnenn. 43
83-5 SUMIMAIY ... .ttt et e e et et e e e e et e e e e e e 44

R =] =) A 1o T

Chapter 4 In Situ EQCM Study on HA Electrochemical Deposition

and Its Interaction With BSA........cooiii i,

84-1 EQCM ... oo oo e,

.45



Contents

84-1-1 The Principle of EQCM.......cciiiiiiiiiie i e e 49
84-1-2 Electrode Structure of EQCM............coeceveviiii i i eeeeinnn. .. 50
84-1-3 Introduction of protein Adsorption studied by EQCM..................... 50
84-2 In Situ EQCM Study on HA Electrochemical Deposition..................... 51
84-2-1 EXPerimental..........oeiuiinie it e 51

84-2-2 Study on Electrochemical Deposition Mechanism of HA..................
84-3 In Situ EQCM Study on Protein AdSOrption...........c.oovevvvevieviiaiienn.
84-3-1 BSA Adsorption on Au SUMace.........c.vvvi v i i
84-3-2 BSA Adsorption on HA SUMface.........ocuve i i it
84-3-3 AdsOrption MeChaniSMS. .. ....ouuieie e e e e e eie e et e ee e e
8A4-4 SUMIMAIY ... ettt it ettt e e e et e e e e e e et et e e e e e e et e e aee e
R O NCES. . et e e e e e e

Chapter 5 Study on the Mechanism of the Interaction of HA

51
56

.56

58

.99

59

.60

WIth BSA. ... .62

85-1 Study on the Interaction of HAand BSA..........ccoocii i i ieieenn .62
85-1-1 SEM CharaCterization.........cc.eueiirieiiree et ee e e ee e eeeaee e 62
85-1-2 IR Characterization..........c.ocvvieiiriieiiiiie e i i e eiee e e 0. 03
8§5-1-3 XRD Characterization..........cc.oeeveeeiriiniiieeieevee et eenee ceeeanans 63
§5-2 Study on the Bonding Site of HAwith BSA.................c.ccoiieieeee .65
85-2-1 Structure and Surface Properties of HA........oooi i, 65
85-2-2 BONAING SIte....uuue ittt e et e e 65

85-3 The changes of Secondary Structure of BSA........ccoi i
§5-3-1 Study on the Secondary Structure by CD........ccoovviiiiiiiiiiiiieinn s
85-3-2 Study on the Secondary Structure by IR...........ccoiiiiiiiii i,

SR ST 1] 0 -

R BN RS . .. oo it e e e e e e

Chap 6 Conclusions and Future Work................ooccooiiiiiinnn,

Selected Publications and Conference Presentations.....................

68
69
74
77

.78

80



Contents

Acknowledgements. ...

.84



=

BRI (HAD &SR AEDARL, AR AR 2 T A 3 A b
FINILELEREN, EEEIEE. BAUTHEETZINH, & H AR R
TR IR IERE AR B A R AR N I, AR Iy M AL 20
(R EE R A EAE L o B S8R S TR AR WA R S T (R R B, 1 R B ) g 1
S AN MO AE AR R T RGP e AR RFIIEE, IR R ARl 412 ST
IS 5 B B R NBUR T LA L AE A R T (1R R B s R B AT EL AR LB —
B [ S )

H AT A 2 RO TS T A S iar 5, il — o0k (CD), ol
Pr2o6i% (Raman), AN RATLAIMGIE (ATR-FTIR), HLAGZEAT 98 S AATOR P
(EQCM) 5. 42N AN ZL MGk RS iy 7T R AR B S oK T
P, ART R ERPRL AR SR HEAT 20 1K ST TT A A 2 A D iy
IR R S 0 £ P RO (1) AR A (L, AT A R A S 4 1) o st A4k, 14
AT 0 A A A F AR % T 114 TR 05 B s AR ELAE WL BEA T RIS

A SCIERR MG & i b E AR A (BSA) /AR EA, R
KA A SO LA . AL A S BRI P45 T 1%, R A 25 A I A B
5 RRL 0 SO ELAE R, A AR A R R R AR A R W B B ) 2R AT
s BASR IR R 5 AR L 18R A ELAE PP o KR B P A 2025 6 11
HA AEYIA R A DR 5E SRR O OWAS . £ EUAS U1 NS R

L KRV R HA MR J\A5(OCP) 73 i AL 2 UTAR T 2040 4 A S i it AR

BRI KRR SR 4K (TNT) ] layer-by-layer 245 1 T-4 B S 3R 1M1

I JE ) = FARH R TS 45 R R AL 5 S5 B M REEAT T 4TI SR AE

2. KH ATR-FTIR JEAi 050 T BSA 5 =R AEYpRH SHHAH BEAER, BSA

5 =P T 1AW B et AT B A 1 FH I [R] R ST B . BSA fE HA %

[HIAT S8 L B VE 15 & OCP, fE TNT KIHIFIWL ML S, KW HA L

OCP. TNT A S 4f YA

3. KH EQCM I HA HWTRRAIAMAT A AT T AT, HA B2 R %



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

