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Abstract: In this work, the adsorption of lysozyme( LSZ) on the a-MnQ,and by which factors this process is affected were
investigated. The resulis showed that the system pH value was a most important factor affecting adsorption and desorption of
LSZ. In the pH range of 3.8 to 10. 8, the adsorption percentage of LSZ on a-MnQ, was increased as pH value raised. The
desorption percentage of lysozyme usually increased at low pH condition ( pH < 7. 1) but slightly decreased at high pH
condition ( pH > 7. 1). However, the desorption percentage was generally low at all pH values tested, indicating the
irreversibility of protein adsorption to the surface of a-MnQ,. We also found increasing the ionic strength might increase the
LSZ adsorption percentage, but there was no difference on effects of Na*,Ca’" and Mg’* on this adsorption. The LSZ
adsorption isotherm belonged to the L type, and was fitted well by the Langmuir model. FTIR spectra further approved that
LSZ was attached to the surface of mineral, and the spacial structure of attached protein was changed.
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FHRRHBRRANRN —REREY RS TYRE, EERBT ARE 5 4G 3= A HR
Yy YIRS A B T AR %, R ARMARE SR, EARSEY RS T
PIRFERARIFEE (KR +38) hAT T BRBR—H 0 U B REFEE, REBR UM E Y
KRG YA RT , REBHERLR WP RE N ERNEEY . BN SESHEPHRYNF
EAERAUEE B SHRE T8 S YT A YA R, T B R EXFRA R ERY, THERFA
PTG G (POPs) HIRREAT AL BB, Bit, REFBEARERE/ BAE LR A REERER

SRR FAEIE R LA R, AT L B RO R BB I E AR
MEEHENY BRA RN EEE RERWESRNANYENREPHNIR . RULLABENERY
JET O X R A B YRR F R REEE O, BT E ARXERRE IR (NOM) j A
— 5 F% A R ) TR RS BT , (B T O R SR AR A

BB EHMITA A M EE E (BSA) 5 o-MnO, B9 FER M, R BT —Leil e . SR, 3%
IR SR E R 47, B R FT 4 N 3K [ (soft protein) FIBE % [ (hard protein) Bj k2™, W B
(LSZ) B—Fhis i IRE H , B 18 FPE IR AL, 0 T H i KRR I LT B R AER ILBIR R, HEE
pH (B9 pH7 Zih , BRERE N 50C, B ZFET AR FSEYFBEY+, BE—FABNEERH, K
BT R 5B BSA FRAER ", AIGESHRBEIES o-MnO, [ i 7 5 W fHE R B &, 3¢
Fo53ia RS M AR AL AN RE BOR (FTIR ) X SRR R BEAT SRAE , AN BE— 2P IR TR 8 F 2RTE SN IR 6]
I ERB TR ARAT B T 7 AR B A SR B AN 4R BE R AR 3R
1 #BEFSHE
1.1 A8 R

VM (LSZ) W B 2 Sigma AF],40% 99% . Lk A% D#i =% G-250,MnSO,- H,0,KMnO, ,
( NH,)S,0;.H,S0, HAc,NaAc,Na,HPO, NaH,PO, ,NaN, \H, PO4$H C,H;0H %ﬁ?ﬂﬁﬁ??ﬁﬁiﬁﬂ o BWRAEE
TIKEEH]

1.2 FEHREBEBCH

PR WPYE WRICHI VR B35 1mg/ml 2% F6 LSZ &, Hrp,pH 2 3.8.4. 6 B 0. 05 mol/L KIBETR/
BERRNZE P YR IC T s pH O 6. 3.7.1.8.0 B f# ] 0. 05 mol/L MBI A — 4/ BEIR — A ZE M Il ; pH
10. 8 By A 0. 05mol/ L IBRFR 4/ BRIR E AN Wil Ll o SEIR N FIAH DL B B v IS R EA R E M
HoBi b Y Ts Y, LSZ W H A 0. 02% B9 RAL S, FIRHMRAFAE 4°CHvkM . B EWKER A Bradford
ENE,

1.3 «-MnO,HI&

SIS ¥ 4g 1) MnSO,- H,0 1 10ml 1mol/L ) H,SO & B AT 70ml /K v, ik ZE P 6, BEFE T
BIA 9g(NH,),S,0 A , 4R 2 ¥ 30min , 45 I INFAIF#4E Rk Sh, FF B0 (5000r/min, 15min) F FIE & K £
BT R BBER S Ko BIG, HEBE T/KEERIK 4¢/L B WA o

X8 B o-MnO, 347 XRD RAEFT SEM H VL% , UEA il 4 B9 B30 5 30— 3o o-MnO, R 22 40IR,
B F R AN % 800 nm x 15 nm (38 x 45%) ,BET HEEH N 31. 12m’° /g, [#FH Zetasizer 3000 El Zeta
R I E A (BRE Malvern A R]) JU5E -MnO, R E BT
1.4 WM SR g AL BT E FRLLAME S
1.4.1 WRHfsess

FE—ZRF|H) 10ml BLOEH, A 2ml 9 J 57 0K & 0, )5 0 A pH 9 3.8.4.6.6.3.7.1.8.0,
10.8 {9 0.3ml LSZ W49 , B J5 , AM VA DL FR 28 b o 22 BV AR A 4l ¢ SR T 20°C, 1001/ min £544F {H
RBIRG 24h, FEA BRI P, 8000r/min B0 15min, 738 B, WE LSZ W E, ZBIETHRM &, X
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— LB RIRBISE pH Xt LSZ R fH H Ml

WFFE RS T2 BE R B B2 me B, 78 10ml B0 A 2ml W f 501 80K 40 2 2 98, B pH4. 6 1) 0. 3ml LSZ
W23, FER MR oA NaCl S A VR 535124 0.0. 03 71 0. 2mol/L, 4T3 L LR . ALI AR BT
PG R R B A R, 43 BIBEBR NaCl, CaClL, 1 MgCl, #Fy SCHF i I3, DABE 23 B 824 Na* [ Ca® F1 Mg™"
7t pH4. 6 SR T BEATR M SR8, NG THEE BRM , LB MBCR .

Pl ESERALHIE R 3 K,
1.4.2 Jiiffscse

Xf ERTEAF] pH B BEAT B SRR AR &, B0 B R AT AU 2ml B, RS INA 2ml AHRY pH B2 HEZE
AR, 7E 20°CF 100/ min {HIB 3R 24h, 53 B HHEE . 8000r/min B.0> 15min 408 FiE W, ME LSZ ¥k
B, AZEWEITR BRI, 2L R A 3 K,
1.4.3  WRRFRIBURY) ¢ AR E

FRAE R B 28 b v B il BB AR YR B A 60mg/ L ) -MnO, BeVR ¥R, 45 24h J5 i Zetasizer 3000 % Zeta H
A E AL (¥ [ Malvern 22 8] ) P € BURLYIIY ¢ A7 s LSZ IR B SEE S X0 R i A T IR RE B £ B E , S
BW R LH) g LSZ/a-Mn0, =1/1.3(m/m) B MAHYALHE 3 Ko
1.4.4 2563857

{817 8900 #! FTIR S4B ( H A B AR M HETRN, HE TR, 53K LSZ WH G K E
(500pg/mL) o W& SEI 4 TRE , e eI B SRR R 7E 35°CF 25 T4% Oh KBr £ 7E 120°C F 4T 2h, LAV
BRUEES K= B T4, KUAS R A KBr FE A BRI E , K F 2 350 ~3500cm ™, 5/ KBr = 1/40(m/m) ,
2 ZR5iHE
2.1 pH X} LSZ W FiH BRI ma

Bl 1 k& pH Xt LSZ M HERRA#m . H BT 40, %W pH (B LSZ 7 o-MnO, R T WY B £ K%
M, 7E pH3.8 ~10.8 JEHEM , LSZ W 2 BEE W pH [HR AT REE EAES

B REEERE AR EENH ", Bk, ASCNE T pH X B0k Yy b v R A5, LABT
34 B pH XHBURI IR AT FEL R SRR . 182 O o-MnO,7EWR B LSZ B J5HY ¢ AR ILEAL . ™I,
PR R o-MnO, REHA FURAT, T LSZ f9%ee & pl {0 1117 ZER A T2 FREHA E
7, Bl o-MnO, R EH# A MR BHT. o-MnO,KIBHTR & (PZC) Jy pH2"™! | R it F Al AT RY LSZ J5 5%
AR, XFBIS S LSZ SR RE s — KB s ks a ™ o 526 1, Ding %257
RISZAE —SALREGIKRE LR AT it R B, Har s B LSZ /5 WPZCE A R HFER M A E R 8K

30 -
100 —

20
— 10 |- LSZ + 0.-MnO,
: ol

(=} [
< [l

I
& WL ¢ Potential (MV)
|
T

VR it 3L (%)
Adsorption percentage

)
=3
I

o-MnO,
40 |-
0 I ! I ! |
2 4 6 8 10 12 =50 L | ! |
oH 3 4 5 6 7 8
pH
g - 1
El1 pH X LSZ 7 «-Mn0, bR BRI B0 B2 ¢ ek pH B LR
Fig.1 Effect of pH on the adsorption of LSZ onto the surface of Fig. 2 Effect of pH on the { potentials of o-MnO, before and after
«-MnO,
. . LSZ adsorption
LSZ F1A ¥ & 75ug/ml, 20°C  Initial concentration of LSZ 75ug/
ml, 20°C
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Hmg R, Ry AR EZERNS . ALRAFER FTIR 0 K0, RE 1SZ 2—MEE
H, IER R e M LA , (B R M R G s R 45t 8 r s . RS LSZ e — S ALrE R E R T
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YR
2.2 pH X} LSZ iR RRAIR M 5
3 & pH Xt LSZ B o-Mn0, 3% 8 [t fif 59 52 0
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. pH7. 1 BB B & KAE, U4 18. 6%, X P o-
MnO, 5 LSZ W45& H1 3R, B AT IR R 52 b BA
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MR LM, pH3. 8 BT FH7E o-MnO, R LSZ
MJLFPAKE R . XFRIUE o-Mn0, 5 LSZ 455
FTIREE, e RN LA TR
7 pH ZE 4L 33 R M 2% LSZ W I A — e
FERAK pHEVE I (pH <7. 1), LSZ B B Z g pH B3 pH ¥ LSZ7E a-Mu0, MBI
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2.3 BTN LSZ A AR B !, 20%
A LA HRFIIEHRE N T5pg/ml, 7E pH =4.6 100 —
s B % B Ak 2R R 8], T T JG NaCl, NaCl ¥ & % 0. 03 ]
0. 2mol/L 54 F, LSZ 7£ o-MnO, F 10 | 1Y T M 2 80 |- -

(E4), HET R, LSZ 7£ a-MnO, | ) I fff 28 3% fE
NaCl ¥k B ( BPBS 38 %) By KT 3 K, X 5 LAAEXT K
EHEHTHPR A TER " .

B BT DUE A O F e MR A T e 2R 2R
BB O, S nEs +58 B v W AR (R R e A M IR
VEE) ) L 17, AT DA DB A e e e o ) ) A
314", BARBMES AR BT RBR %R 0 . . P
BT, TR B & 0 i B BS 7 58 B 38 imm gD, LSZ 5 NaCl (mol/L)

B pl = 11,174 ZER ST ISZ A ERRM, R
THETE o-MnO, 2% T 1 WK B 22 A 8 B8 758 B 1 7 v 1 B
¥REE X HATRRFEEREEREE IMERAZ5R
NIEAR, TEE S| 30 £ 3 E B RS Y LR M. S2hR b, LSZ 78 B ZE D9 IR BR 72 £ R (2-hydroxyethyl
methacrylate ) 2 T B W% B HH BRad 26 R 38 46 ™) T BB R i FERIMA SEE A S TS K EBUEE R .
REBTHREN LSZ 5 BSA WAEARTM R EHAR ,BEEARASHHSEAYEEERRA™,
2.4 BTRPAT LSZ IR fHERE A R

Bl 5 B pH4. 6 KM T ARE F 54 LSZ 7E o-MnO, b 59 Fif R maROR (LSZ F 4K E 75 pg/ml) .
@I CaCl, 1 MgCl, J& , Ca’* 1 Mg® * X Wik — 4+ FHES T 3Fok sk 38 LSZ 7E o-MnO, R BT FiH 5,

BEAN, BNETF AN B FEASEEAVESRSHE, FAVLFRA 2D, BT YREFNE
HHUERS TN, Ca* Ml Mg®* W i@t B b/ W E RS E A 5 &R sk W 2 A L 204%, G I

40 |-

W Bt
Adsorption percentage (%)

B4 NaCl ¥ J 33 B SR BT B2 TR

Fig.4 Effect of NaCl concentration on protein adsorption
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I TE 5 R AR RIRE 1[G AR E IR 00
B, SRT, Duinhoven & Y, —Hr BB FXIEH
FAFAGERRAA FHRT nEERes—8 - ©[ ) .
B, LA R SRR SRR R, AR
Ca® I Mg’ * %f LSZ R Mt BESLA REUEHAEA, WBH %2 |
BALIAE, TR F ERFAMERAZEE TY 25 |
R £
2.5 LSZ 7 o-MnO, 30 H9 200 Ff < )
6l 6 3o LSZ 7 o-MnO, X EE S ETM HIR . 4
1 Giles HOZEYRITLMT B 2R A0 ) 00Rh 2 VLR IR i 2 e o e
F LB, B LSZ W% BRI W 1 R o B B R VT B S T AP Categores of ion

Zig LA, B T AR

Langmuir 7572 278 A L5 R BB 58 o BB T
A/ Wk

Q0= 0Q..KC/(1+KC) (1) 60 —

KA, Q M € 73 Fn | A TR R 8 B A P
I, Quu AR B, K B 5 %

AEBWFIES BT RYE 1B H Q. K E2 7
4 51.282pg/mg,0.053 ml/pg, HHEZRER® >0.99,5%
VLB A Langmuir J7 72 9] DUAR 47 i 35 38 1SZ 7£ o-MnO, 0 I | !
REHR M. " qiigif;&ff;;alance concentra]t?(())n (ug/ml) "
2.6 FTIR Y&3EmE5T

— 6 -MnO. i £k (pH4.6,20C
E7 %/j'\‘ LSZ E a-Mnoziﬁ%iW}ﬁ%%ﬁE‘J 23} BEHRE o 2%@%%@%%@%(}3 )
Fig. 6 Adsorption isotherms of proteins on a-MnO, ( pH4.6,20%C )

FTIR 3%, M4l LSZ (L0 sh e i s iy LU i, 1643
em ™ UHBEEE T H ) C =0 /4R 3l,1535cm ™" K BLE 1T
H R NH m ARSI, 1238cm ™ 5B T4
vCN, 8NH, vCC 1 8CH, & %[, 3412, 3069cm ™" FI
2963 ~2876cm ' g] FX) IR AT 0 43 1 By wNH . vOH F1 vCH
¥, 1450em ™" 5 % Hk COO—{d 45 F1 v(CN) & %,
1400cm "' 5—OH F 4 Hs1 . 1169cm ' W BE R i
F CO B AR 3R o 932cm ™ 1 618cm ™ HFR
CH 5 CH, & ¥k ah, M4k, B FRKH CO, T, ‘ . | ‘ | ‘
LSZ B 4TA 63 P ot 3R 2361 om ™ A By R Higidg B Waemmber ey

7E a-MnO, LIAME I E 3414 em ™ i3 O—H
(IR GEIR Sl , 16380m ™ A1 16160m ™" b % i e T et o BT LSZ 2 o-MnO, RIENRHTEY FTIR 35
H—O0—H %B‘J%Eﬁ%ﬁ, ﬁ&ﬂélﬁjﬂﬁtﬂyﬁ%'ﬁﬁ:iﬁ Fig.7 FTIR spectra of the LSZ-MnO, complex formed from the a-
HH A AP, 1400em™ H—OH WM AR
> 7E 525cm ™ 4k H BB IR By MnO, 5B H Mn—O S83R 35 iU

B e A& B R L I WY 4, R B LSZ S5, -MnO, | [ AR R B B IS RRAE T 37 A% (3414em ™ —
3377cm™") X FH LSZ FEOTHEEER S o-MnO, R MR E L E T - A EM;1616em ™' 4 H—O0—H §21
25 Bl IR SIS 5 , 1400cm ' 4b—OH Hyffi 45 R 314 TR B 284k (1400cm ™' —1398cm ™' ) 5 o-MnO, By i e o 3¢

Bl5 BTRpERRR MK EM

Fig.5 Effect of categories of ion on protein adsorption
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INT 1339em ™" 4b C—H B2 RSl , LUK BERE I 5 1319em ™' 48 v( NH) #1 8 (NH) BB AR 3l , X L5k
H LSZ4F , EHA B ARB MY WRE . J& LSZ JEE H 1238cm ™' 1 1169em ™ AbHR B4 5% , PLBATR
W LSZ oy PR MM S A4 T —E R B A,
2.7 &g

(1) LSZ 7£ o-MnO, 3R i B9 B BR ¥ W pH (E R . 7E A pH ETEE A (pH =3.8 ~10.8) ,LSZ IR
W ZREEE VAR pH BRI TR T K, R, R pH 24Xt LSZ B o-MnO, R HEI KB A —EF M. B
&, LSZ B it Fit 2R A TE BRI, B % R S R B AS P8 M e

(2)ISZ7E o-MnO, RE K FEMAMEHBZ IR RPE THRENBERW, FHE3IHERER—T
R R, MM R I, AR M BB T (Na ™ ,Ca™* 1 Mg®) ¢ LSZ 7 o-MnO, 18 f R it &
Faz 5o

(3) LSZ 7& o-MnO, 2R H B SF IR i B 2455 Langmuir 7230, P RE T L 2,

(4) FTIR 38, LSZ 7 o-MnO, R ERM G HERMR A E T —EREHHE,
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