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ABSTRACT: Artificial joint replacement is considered to be the most effective and ultimate treatment for joint diseases such as
advanced arthritis and joint dysfunction. The in vivo service environment characteristics of artificial hip joint, and the formation

of biofilm and graphite-like carbon lubrication layer in friction interface were introduced firstly. The denaturation and de-
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gradation of proteins at the friction interface catalyzed by transition metal copper under the simulated in vivo service

environment were further discussed and the transformation from biofilm to graphite-like carbon lubrication layer was also

investigated. The molecular mechanism of transition metal ions producing reactive oxygen species, catalyzing the adsorption,

denaturation and decomposition of proteins and forming biofilm, graphite-like carbon lubrication layer was studied, and the

design of ceramic artificial joint material was prospected.

KEY WORDS: artificial joint; frictional interface; biofilm; graphite-like carbon lubrication layer; transition metal; reactive

oxygen species
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Fig.1 HREM image of the tribological layer
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Fig.2 Fluorescence images of BSA labeled with fluorescein isothiocyanate on the Cu surface™!: a) before friction and wear; b)

after friction and wear
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Fig.3 Western-blot testing results of dried BSA and biofilm on
the wear track of Cul**
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Fig.4 Raman spectra of dried BSA and inside and outside the wear track of different metals
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Fig.5 Schematic diagram of formation of graphite-like carbon lubrication layer on the friction interface of Cu
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Tab.1 Binding of transition metal ions to human serum proteins (HSA)
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Ni(II) HSA NTS, MBS Tetragonal plane [37-39]
Zn(1I) HSA MBS Pentacoordinate [40]
Co(II) HSA NTS, MBS, Site B Octahedron [41]
Mn(1II) HSA Site B Tetragonal plane [42]
il AEAL S, BRER A AT Codl)  BREGTE A I (HOy ) BRI (FY®@), WH

Al 3@ NTS. MBS 5 Site B {75 5 M7 & 454,
TE B/ M A2 i) g 040
HERSRETFSAFEYERARIE . —J7
M, AERSEE T, W cudl), TLESEARE
B, R AR o IR, p-Ir &Lt
2B AR IS B A T T NEOR A L B i Bk
FAAZ R TCIT . AT R 2544, DA fe 2 1 o P R gk
F (0 Trp FEHE ) M B K BT #RE 2R Ok, s K PR,
FHCREDE; H—Jrm, SEE T EANRRIER,
MHEN SRS - A A A SEARRAE S,
B RE AR I . FEEEE B RIERTT,
WAL —Z R AR

22 HEREREBETEUEERTESE
B

45 IR, B 1 o2 70 U e 4 ) i fi AR AR
TN EEM . i, 2B E ARG A
BRI ECP SRR A SR d BEESE d B
BT, EAb On AT DLk 2s BUiE 78 Y R F ik
), B PR AR PION - 78 2 2 AR, TR L | =4
FEARR NG AR RE , AR E ROV HE T . R, 2 PR 4R
Al DR R TCHUEAR R A S AEA SO, 77 A 1 4R L el
3 (Reactive Oxygen Species, ROS ), AW £MH,
AR EF (A1 Fe* ) nl LI £ Ik & B &
[ ( C-hordein ) j=A= {6 M4 H M3 ((Qn¥R5E [ i 3
(HO-)) 1,

) H S A P 28 A AR A SO Y rh I = 4, Xt
YRR 1E 5 IR e AR HEVE T USO), ay DA
AR AR DIRE, RS ORERICR, IS SRR
2. NRWInERE . BRA BRI — RIS
WMENA R, EHEENT, RN A B EEL T AW 4
LR sh 25 2 7 i T A A 3R ROS)
AR BCXT B L, DRI B R B B TR A R 1Y
AR R BE 3, Bl E o S R A8 A P 0 B P
YR G372 3 itk o

ROS KM A B RO SRR INIEL 6 s, ROS
BB BGEA R T4 o-C EM H BT, FEAUKRAN
PO A B (ZPQ), 5 O, WA ikt A A
M¥E (@) W, —J5im, ket A T

ARERE , B DKt 7 ) M-I A 4 (7
Y© ), MEAT LR S—Trm, kil A
Fh 2 PTG S v 2 IR, A i U A
@ ), e Hr ik Ut A b A 2
(F=91® ), kA A i Ft— o i AL S 4 (O
Y©) Mt A HE (FYO), FEEFERRE,
Forb SR A R S A R (HO,» ), ek [ il &
(Re) DLRBERE A 2 (729100 ) 2x4kS R Y
EEAER, AEEZ AL, S5O, HEAE A
HRBORE , KA a1 ot o 8 S AR WK1 B EBE B
W 2 AR 4 2 PR R PR LA, TR 5 5T 1)
TEHERTS , 2 IR R il RE ARS8, B RN
e i

® re (O)NH_ C(O)-NHR!

e

4 ROS

® R-C(O)-N'l-} /C(O)-NHR’

40

6) R-C(O)-NH C(0)-NHR'

l{ \OO-

Further reaction

Further reaction R’
““Ho, rir”"
- ]
C(O)-NHR' R-C(O)-NH\C /C(O)-NHR’ ©)
@ R-C(O)-N :<R K
H,0 e —OH
v , $
® CLORNHR R-C(0)-NH C(O)-NHR' ®
5)R-C(O)-NH, + 0=C__ N
K £ o
®

R-C(O)-NH *

Further reaction

I{ + ~C(O{NHR' ®
©)
6 IGPESE B KRS A B R O

Fig.6 Reaction process of reactive oxygen species hydroly-
zing proteins

AHIETE AT A AT 201 3l 3 22 BT R SR IR A
AR ER Cu R AIWH  Wridd e, 4R 7
Bs, BRIy T P8 Cu R,



F49% ol

RS - N T80T R 45 S T 6 P R RS A M e A7 D8 B A SRR T 2 0B I 201 HL 57 -

Dehydrogenation

o . b },

© 0 0 O
{ Adsorption

‘ C—H breaking o

Breaking

| /
Breaking % ‘
© 00 90 80 8 oo mé

@ C Chbreaking @

C—Cbreaking )

Aminoscid dsorption snd bondbresking )

K7 Cu FE KL ZARRTET VI AAE R 57 3h I 2R

Fig.7 Molecular dynamics simulation of aspartic acid on Cu surface under the shear force
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