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B OE RAPERMENEDE TRz S 2 MAT R S S R (Btk) 8 TE 21 58 R AR S R 0% R A5
M2, IR S 4 HEAT T IR BP0 SO 1 22 280 E . 18 278K ~ 318K Ju [l N, Bt A% A I 7E L0 HE
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i BT B T B 0 B TR T R, TR . DGR Bt SR A R, {H7E 0.218 1 ~0.580 1 Z ), A5 [ Bt 5
R, {EAE0.361 7 ~0.754 1 Zfu] , )& T B B o Bt % HUEE 11 78 £0 0 A AR b AR B — > B & ORCEA
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TR A I UUTE MUK A 0.5 mol ™" NaCl 1 1 2%
FoK¥EY 3 W, Sk J5 1 Huber 2% ph i (0. 1 mol L™
Na,CO,-HCI, % 25 mmol L™" — & 75 M i, pHO. 5) 4
JRCETRAR,37°C KB % 2 ho 26 000 g B0 15 min
EBRAREY, W WL 25% £ 1R A & pH4. 4,26 000 g
B.010 minfd Bt X HEEHULNE, 2> T & 66 kDa(SDS-
PAGE M 3€) .
1.2 tTEHERRIE

AT 398 R A 9 03 D) SR T8 A AR O R L R 2R
4, 3 2R T AR (specific surface area, SSA ) {ll] i
SR IR B 2, ) He 2 mn AR 5 ) (ST-2000/
ST-08A b H{/r M A A% 23 7)) M AE o BH B 7 5 e
(cation exchange capacity, CEC) Jlll & % F £ BR % 32
ik (GB-7863-87) , A ML J%i ( organic matter, OM ) il
JE SR FH B R P A VA A A R LR 1

x1 TEHEREREG

Table 1 Basic properties of the soil in test

FE i Fe 2 i AR A BB FH 8 F 38 e i
Sample SSA(m? g™!) OM(gkg™') CEC(cmol kg™")
£ 4 Red soil 48.5 28.4 21.2
1% 3E Brown soil 31.7 67.6 41.6

1.3 RMERZNNE
W BA 46 T £ R 0 S S 58 43 ) AE 278 K298 K
FI318 K & 0F F kA7, HHEWkE N 0.5 g L', Btk
FAHE AW MW R K N 3.79 x107° 7,58 x
107°1.14%x107°,1.52x10 "mol L', B RE
J5 5 AR IR PR, 180 rmin T PR 4% 3 h (2 % 3k K
BFF- 87 ) o IBCHE I BRE IS B0 1S min (26 000 g)
280 nm AR E FIE W WOGRE . Lhal B 2 A
T o 1 2k, AR i 1 ) s R 2 BT B B 2 P v
SR A W A SR B R B
1.4 EHEEHEEHNHTE
U IR [ A 3 T 1) W B T AR R
31 WO W R 51 6 ThT K 43 19 3 /&, >R AT Langmuir
J7 R B A
_I.be 1)
1 +6C
K, =55.5b (2)
2, T Ay W B 3 1 57 g i 0 W% B, mol g~ T,
S LT B, mol g ™' € Sy W OV AT BN B R HUZR
FIVE ,mol L "5 K, Sk W% B SF- % &, G40
A Langmuir J7 2 b 55 W B A7 5C 19 41, R Sigma-

Plot {4 X W B 45 1 42 B A0 25 19 %540 14 17 Langmuir
T RELA BRI AT R B8 b, L mol T'555.5 Ak
(14 B JR M B, mol 71,
1.5 EHMAYBERFHITE
I A 5 R A 3 I B AR A 1 — > TG i 4
280, MTFRER
1
R, = 1 +bC, (3)
XA R, BB R T, KEHN ;b K Langmuir J5 &
5 B A 56 H B, L mol T C S W A R R B R
R ARG A ,mol L'
1.6 WEHMHMAESHNWITE
Wiz Bt e P b o 75 A i R BE (AG,, 0 mol ') |
FRUEWL &S (AH, T mol ") IR HEWL fit 5 (ASS,

Jmol 'K™") AT AR,
AG), =- RTInK,, =-RTIn(55.5b) (4)
AH®,  AS°
InK == ads + T ads (5)
RT R

Hd R AR $,8.314 J mol KT T 4 % i
JE KK, R W BT K, TR 30 O Langmuir J7
T v 5 W AT DG A % 8, L mol T

FIFH InK,, % 1/T A5 — B2k, ) H &2 A
R 003 S Bk AHL, AN RRH ASD,
1.7 WMiELERITE

Bt % HUER 11 A W BREOS AL B 25

1
- 2K,
A E NG AL RE ] mol T K, o 5 W fiE A 6
B H, mol” 177 i F I
Inl"=Inl",, -K,& (7)

K e HPEHIJE (Polanyi) # G, 6 = RTIn(1 +1/C)
Jmol ™' FIFH Lol X & &I 53— B2k ARIIN K,

E =

(6)

2 FiR5®

2.1 IIEMAFES Bt RHEANRMERLE

Bt 2% MU [/ 45 52 LR (278 K 298 K F1318 K)
T SR A B 1 TR, Bt R U (IR = AN IR
FEF A W B 45 8 4R 3 45 A& Langmuir J5 # (R® >
0.9941) , Bifi % ik £ T+ &5, Br 4% s8I0 B & T B
40 B 278 K TR ZE 318 K M), 21 4% (1 4 1
WY B A T 16, 71% AR AEREAR T 9.66% (££2) .
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aZL3E Nk fit Bt Bt protein adsorbed by red soil; b3 fit Bt Bt protein adsorbed by brown soil
1 2o HefkE et Bt 2 H 0 45 i 4
Fig. 1 Bt protein adsorption isotherms of red soil and brown soil
x2 BHEREXMESH
Table 2 Fitting parameters for adsorption isotherm
L 0 A W o A5 i
i Sample i % Temperat ure( K) b (Lmol™") Maximum adsorption Adsorption equilibrium
amount (mol g~ ') constant K,
414 Red soil 278 2.33 x10° 7.72 x10°° 12.93 x 10°
298 2.16 x 10° 6.75 x10°° 11.87 x 10°
318 1.88 x10° 6.43 x10°° 10. 45 x 10°
552 Brown soil 278 1. 15 x10° 10. 15 x10 ¢ 6.31 x10°
298 1.07 x 10° 9.13 x10°° 5.88 x 10°
318 0.85x10° 9.17 x10~° 4.71 x10°
H 2 2 AT UL, 2D RN AR XT Bt A% U8R 1 A I i £33 OEMSERWBEANSEERTF
_TF‘@ ﬁ'_:)" é& i/)j I}ﬁ % b=! E 10 3:1— rg} mF I}%’% ( AN j;g T I}% Table 3  Separation factor constant of Bt protein adsorbed on red soil and
19. 18% , k5 HEF W 25.36% ) o M HL AT & , L4 i1 brown soil
ST e A By B oIty B g UA e BE
WW?@I%@ZW?%%O I R e 43 B X ¥ Separation factor R,
2.2 Zlﬁé?'—ﬁﬁﬁé?ﬂ}i M;j- Bt %EE E E(]ﬁ% ; Temperature Initial concentration
yon . P of Bt protein
E278 K ~318 KZ,IEH ,Zli%%'%*f?i%%[ﬂﬁﬁ Bt /%%Hi (K) (mol L) 2113 Red soil #£ 3 Brown soil
. mo
EENAEEF(R)HN TR I, RGBT T 0% -
N N . 278 3.846 x 10~ 0.5274 +£0.0133 0.6939 +0. 0060
R 2ERL R, > 1 J8 TR M Fff ;0 <R, <1
F?ﬁtﬁlﬁl}ﬁ‘ R | Fﬂ:éﬁﬁlﬁﬁﬂ‘ R OF{F‘T 7.692 x 10 ~° 0.3581 +£0.0123 0.5313 £0. 0071
5 5 = zZx N = A
m - oo - m - m 11.54 x10°  0.2711 £0.0106 0.4304 0. 0069
a0 i o 1A g
Tlﬁﬁl}ﬁ- © Fh%:z3 TJD’ /Ii%%ﬂl}ﬁ- Bt%em 15.39 x10 ¢ 0.2181 £0.0091 0.3617 £0. 0061
RL {EE 0.218 1 ~0.580 1 Zlﬁj’ﬁ%[ﬁw Bt%rﬂ 298 3.846 x 10 ~° 0.5462 +0.0127 0.7086 +£0.0108
EK] RL {EE 0.361 7 ~0.754 1 ZlEﬂ,i/iJE:J:’ﬁE%W 7.692 x 10 ~° 0.3757 +£0.0122 0.5488 +0.0129
Wfo R, (ERYR/NE B e B2 W BHIR B A7 56, 25 i 11.54 x10°%  0.2864 +0.0107 0.4477 0. 0130
I 7 I, R, Bl 2R 1 40 4R v B2 T g 10 1 I, T 24 B o 15.39 x10°¢  0.2313 £0.0093 0.3781 +0. 0124
Mo B E E B, R, R BE A e IR R 318 3.846 x10°°  0.5801 £0.0029 0.7541 0.0003
2.3 {IEMIRIRK Bt RHEEENRNESHAE 7.692 x10°°  0.4086 £0.0030 0. 6052 %0. 0003
Bt 2% Ha 25 70 21 35 0 35 v B W BRE R T 22 3R 11.54x107°  0.3153 £0.0026 0. 5055 0. 0131
W4, 8278 K ~318 K ZJal, Wt fff A i fiE (AG,,.) 15.39 x 107 0.2567 £0.0023 0. 4339 +0. 0106




1 48]

Jil 2727 55« Bk 3% MR A 21 HE A S8 rp %) W RS 3R S E ST

39

¥ A, 2R Bt A [ AE WD 3 i R B 3
F & . BEERIE TR, AG,, 4 XHE 5 i, B A
KGR — Ny, W A AR B 4 X A
<40 kJ mol "' gy LWL BT, H A 4 WA, 4R
FE R 278K ¥ m 3 318K I, 21 48 W Fff Bt & (1)
AG®, i —37.85 kJ mol 'Hi % —42.73 kJ mol ',
FEEEWE B Bt A AGS, B —36. 21 kJ mol "' fin
% - 40.62 kJ mol ™' H& /R 24 0% Fff iR BE 3k 3] 298K
(20 48) o 318K (i 48) DL b i, £ 3EX Bt % dU R

AR 0 R b 0 O 1) 7 0 5 3

Bt 7% i1 7R [ 76 21 38 AR5 B b 0 W% B4 1
AR, 0% B 37 S TE AR, 6 12 % B S AR L 0 3
i B o A SCHR R 0 R K Bl R
AT Bu A HUZE 60 0BRSS fE, W B AR
Sy AE B, PO BE T A RE S B L R R 2 ]
K& (AG,, = AH,, - TAS,,) W %1, Bt 5 U & [
TELT 8 A AR S8 P A W% B R TR L 3t R IR 3

R4 JEMREX BEEERMANEEH

Table 4 Thermodynamic parameters of Bt protein adsorption on red soil and brown soil

AH, (k) mol ")

ASY, (Jmol 'K™")

K 5 Sample 8 Temperature (K) AGY, (kJ mol™")

213 Red soil 278 -37.85+0.12

298 -40.38 +0.13

318 -42.73 £0.32

FEHE Brown soil 278 -36.21 +0.65
298 -38.64 +0.13

318 -40.62 +0.36

-3.89+£0.74

-5.48 £0.53

122.26 £2. 18

110.79 £1.77

e A(;Sd_\_ h W B A BE, AH?”L\ AW kS AS?”,\ A W% BfE 45 Note: A(;S(h is adsorption free energy, AHS,L\ is adsorption enthalpy, ASS,L\ is

adsorption entropy

2.4 TEFMARZERK Bt XAEARELEE
ZLHEANARHE WL B Bt Sk HUHE P o A, 0 BR  Xof

BO(Ln) 3 PR e $BEF (&) Ml 43 — T 2k (&
2) WERESF R IESHOT AL S .

£ -11.8 g ~118
g 278K g
=) . e - F
5 120 LT : 12.0 . + 278K
] 4 318K S 1ol .
®E 122 : ®e 122
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et 3 . i 2 -124f}
E -124 " =
X ° =X c -126¢
£ -126 ] E -128}
e . T2 .
2128 - - - N g -130 - - - -
600 700 800 900 1000 1100 600 700 800 900 1000 1100

PehiJE#HEF-J5 Polanyi potential square (kJ mol™')?

aZT 3Nk Fif Bt 9 Bt protein adsorbed by red soil;

PR B #EEF J Polanyi potential square (kJ mol™)?
b330 it Bt2E [ Bt protein adsorbed by brown soil

B2 Bt & 0 B2 X K5 e B R e D5 56 R

Fig. 2 Relationship between the logarithm of Bt protein adsorption and Polanyi potential square

RS5 TEMFERK Bt EARENLE

Table 5 Activation energy of Bt protein adsorbed by red soil and brown soil

FES i 28K, wALRE E
Sample Temperature(K)  ( x10 °mol®> J7%) (kJ mol ™)
2T 1% Red soil 278 -2.77 £0. 14 13.43 +0.72
298 -2.56 £0.12 13.96 £0. 66
318 -2.39£0.11 14.78 £0.71
F73E Brown soil 278 -4.22 £0.27 10.89 +£0. 68
298 -3.93+£0.20 11.28 £0. 56
318 -3.77 £0.31 11.47 £0.91

ST W B B A HUEE IS AL RB AE 13,43 ~
14.78 kJ mol ' 2 i) , ¢ HE W B Bt % HU 2K 11 A9 75 1k
BETE 10.89 ~ 11.47 kJ mol ~' Z ], Fifi & & T+,
W BRE 0 b fig 18 R, 3xX 5 R Rl R Y AR Ak e —
B, MRAERE T W HHE L AELE 8 ~ 16 kJ mol '
] Ry B8 F- 28 e WLBR . A AS WF 5 o £ 32 A 498 0 it
Bt 7% BB IS AL RE S e L B Y #2758 7 22
B HLEAFAE
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Langmuir J7 72 © #)" 12 F T -8 W% Bff i 2 o
R B P K 35 (H 2 Langmuir 77 252 X
PR 2l e 3] % 32 T A 2B % B ok — iR 5 T 4R AR 1 T
M AT T e R B P 4 22 i A R 5
AL AL, AR 2: 700 DL 45 28 AL A
G4 AN 55 H b B R B 93 5 e AR AR A

k,
ACHR) +S(FT)—=AS (8)

2k, A W RO SO A, b e S e R
mol L™'h™",

22 it Langmuir J7 2 JT i 14 A9 W Fff o 72 5 — o
i T V8 - [ I R o R R S TR B . T R TR
TR BT 23 T R R ) Ak 22 T, R R R
T & I 0 A I I IR, 3 J5 O 5 % W R T LA
VR AR WP 5 5 R T2 v A R R Y R
G F RS A

AGIEA) +BOF ) ——A (M) +B(HAH)
(9)

5 W B 3K B Ol B 7 R % K, m R R

KR

NA % B CB?{K& il

Ko = (10)

CA‘}@UFENB%W
K, €, C o530 R 3 T8 RN s 700 A6 AR R 5 R v 1) g
IRUE mol L™" 5N, (N, 43 591 SRy 25 o0 378 790 A6 94 - T 72
TR 2 51 B B AR AR, + N, =1

%L b=K,/Cy, [FIFEA] L4 545 i Langmuir J5
B FREA

nanbC,
T Ty, (1)

Kb n RE BT A W IR B P B 0 R (ny =
Nyxn,),mol g ' sn, KIER A K R0 HE,
mol g~ ;b S5 WL B A & 1 # 4, L mol ',

ULAEAATS A SCHR K Langmuir J7 #2 iy b 24 4
W P B R X R R A g
(11) AT A1, i Langmuir J5 F o B $2 R A5 B #2426 JF
ANJETC RO 1 A B, HL B AR T R R T £
B, BB N BT b AR W B 8 R B AT A T At
B BPRE S, Langmuir 77 FE g b A0 ES
W BT A7 1 E R AT A ) 22 ST BROAS 52 T 6 T
FRF LA %) ) 2, (EL 45 SR O AN TE B, 76 W - 181 1% 6 v 1z
B 1002 1 R s i S R 11| s e a0 s Nl 1 1 e =N <

o, AEAR SO, WS AL BEAE 8 ~ 16 kJ mol ™' 2 [H]
PR A B T AL AR A, B — B ESE TR (1) Fl
AL BT EPE . o T3 7 W T v ) ik 2 5 4l 7 51
R, AR 37k ) €, ~55.5 mol LM77

AT 21 M RRS HE 1 L 3 T AR AR AR 22 R
R AR HE B0 B B T 28 4 4 ek A WL 5 B AR AT
HEEs LA AT o TEAR TR IELE R L AR X B 2B 11 AR
I B 2 ek 2 T 400, 3 — S B0 45 1 26 1 B T 28 4
TEWE B b 45 T AR oA, A LT o e S
THAE W B RE 7 7 A TE 25 S R DR R F Y
F W], P LR AR 4R & BuZE 1 R 0% BT
Bt 2 11481 o 9 0% M D fiE 1A B 08 15 A WL v i &2
B S e R T A

4 K

Bt % M1 8 [ 7E 21 38 R0 58 b i W B A & Lang-
muir 7 (R >0.9941) %W Bt @ T [ & i
kAR L Bl W BRI BE R (278 K~ 318 K, I fff
it IR B 5 BT B (H [ R R g e 2T TR
B Bt & HUE (4B I F R, {HAE 0. 2181 ~0. 5801
Z 6], b e W BiE Be A R F W R, fH7E 0.3617 ~
0.7541 Z i), ¥y )& T 0L B B . 2L 5B B 4 i 4R
175 AL REAE 13,43 ~ 14.78 kJ mol ™' 22 [a] , A3 W%, [t
Bt 2 U IS AL BETE 10. 89 ~ 11.47 kJ mol ™' ],
Bifi o L v T AL RE I BEE ) F R A 4 XA AR K,
$&7s T HEXT Bt A% HUHR 0 W b 40 L B Ak 2
%72
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ADSORPTION THERMODYNAMICS OF BTK INSECTICIDAL PROTEIN
IN RED SOIL AND BROWN SOIL

Zhou Xueyong'®  Liu Xiangyun® Dong Qingjie’ Huang Qiaoyun’® Liu Huifen' Cong Fangdi' Cui Xinyi'
(1 Department of Food Science, Tianjin Agricultural College, Tianjin 300384, China)
(2 College of Chemistry and Chemical Engineering, Tianjin University of Technology, Tianjin 300384 , China)
(3 Key Laboratory of Subtropical Agricultural Resources and Environment, Ministry of Agriculture, Huazhong Agricultural University,

Wuhan 430070, China)

Abstract Adsorption isotherms of the insecticidal protein of Bacillus thuringiensis subsp. kurstaki (Btk) in red soil
and brown soil were determined using the equilibrium adsorption method. Based on the isothems, their adsorption equilib-
rium constants and thermodynamic parameters were calculated. Results show that in the range between 278K and 318K,
the Btk protein adsorption isotherms in red soil and brown soil followed the Langmuir equation (R® >0.994 1), showing
that Bt adsorption and adsorption equilibrium constant decreased with rising temperature, but separation factor constant
(R,) increased in the range of 0.218 1 ~0.580 1 in red soil and of 0.361 7 ~0.754 1 in brown soil, indicating that both
were of preferential adsorption. Btk protein adsorption in the two soils was a spontaneous, exothermic, entropy-increasing
process. In red soil the activation energy of adsorbed Btk protein ranged from 13.43 ~ 14.78 kJ mol ', while in brown
soil it did from 10.89 ~11.47 kJ mol ~'. Under rising temperature, it increased along with adsorption free energy, which
suggests that the adsorption of Btk protein by the soils is turning from a physical process into a chemical one.

Key words Bacillus thuringiensis; Insecticidal protein; Red soil; Brown soil; Adsorption; Thermodynamics



