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Characteristics of DNA Adsorption and Desorption in Montmorillonite, Kaoline

and Goethite
WANG Shen-yang, RAO Wei, WANG Dai-zhang, ZHANG Ya-nan, LI Teng, TANG Bing-pei, YANG Shi-jie

(Engineering Research Center of Agricultural Resources and Environment, Colleges and Universities of Henan Province, Colloge of
Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: The characteristics of adsorption and desorption of DNA by montmorillonite, kaoline and goethite at different pH values and
different electrolytes were studied using a batch method. It showed that there was an obvious increase of solution pH value after
adsorption of DNA by the three minerals in four electrolyte systems especially in solution pH >5.0 except as pH of DNA solution by
goethite decreased in CaCl, electrolyte systems. Percentage of DNA adsorption by goethite was about 75%-91% , and that by kaoline
decreased from 90% in solution pH 3.5 to 18%-50% when solution pH was 6.0-7.0, and that by montmorillonite decreased from
95% in solution pH 2.2-5.0 to 25%-40% in solution pH 7.0 in monovalent electrolyte systems and was about 92% in divalent
electrolyte systems. Freundlich equation could be used to describe DNA isotherm adsorption by three minerals. Relative absorption
capacity of DNA by montmorillonite was greater than that by goethite in solution pH 3.5, where less than that by the solution pH
5. 0. The differences of desorption on three minerals were significant while the adsorbed DNA was desorbed with NaOAc solution and
NaH, PO, solution. The percentages of DNA desorption when NaOAc as the desorbent in goethite, montmorillonite and kaoline were
0.1%-0.4% , 63.7%-90.2% and 29.7%-87.5% at different pH values, while those were 69.6%-78.7% , 0.8%-7.0% and
0.4% -2.2% when NaH, PO, as the desorbent, respectively. These results implied that the ligand exchange played a more important
role in DNA adsorption on goethite, and electrostatic interactions did on montmorillonite and kaoline. This was the differences of DNA
adsorption and desorption on different charge minerals surfaces.

Key words : montmorillonite ; kaoline; goethite; DNA; adsorption and desorption
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BRI B, DNA FE8™ 499 2 18T A MR o 3 1

EA 1 DNA W FHF 58 2 B p 7E 20 1 H 2R
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W B ) 225 SR 9 AN B I FH A T 728 B faf 19 - 3R 5 )
LS e R R I e A A 2
REERRERT WAL, © A BTG LL Tris 2% il
YER BTSSR, B2 YN DNA 72X LR
0 W M, H BT il H M DNA ¥R E < 140
g mL " SR AR O P KT Na®
Ca’" Ml Mg”* % BH B T, LI WA R F Tris 22 0f
W, DNA 7E= e (100 ~ 1000 pg-mL™") FA[ 25 Hy,
Tap B ) 2% TR B AR TE O AN 2. A S 36 R 7E AN R H
fift R R R RI W pH {E R DNA S HIE T,
WFFE DNA 75 =8 4 S0 A R i iz it -5 fige
REAE , DU 25 PR TE A= R BT DNA 9 XU EAR
I3 b DNA 32 LK 3R,

1 #RE5FE

1.1 HERRE S
.11 ke

FHERET I A FSCER [ 19 ] M B L. FE
A 50 g Fe(NO,),-9H,0 1 825 mL /KFEH+, T 7
O3k T S48 N 200 mL 2.5 mol-L~" ) KOH %
W, B pH M 12, 8RJ57E 60°C T %4k 24 h, H#>
U E 9 pH 9. 0 (9 KOH IR UUTE , 71
FH 95% 238 F /K T AE BE % 3 1K, 60°C T T4 24
h, 1 100 i, A7 A .

F1 TOHERER

Table 1 ~ Basic properties of minerals

Y FHA/m? g~ CEC/cmol-kg™'  HLffZE gL ZPC
s+ 22.9 7.1 3.61
i+ 94.9 90.2 2.49
BTk 101.6 8.26

S Kb+ ARSI A AR R FH
W0 B = T A BRA A FHAT A <2.0
wm P0k7 it 120 H G, 0. 1 mmol-L ™" NaCl %
PEAT Na ™ 284 4 YK, PEZE AgNO, K& JE €1~ ,60°C +
# 16 h, AR5 120 H 025 H. b 3R AR A I 2 1
BET-N, WV, BH 25 46 & (1 I € >k H] pH 7. 0
MR Sk, o & AR T - A T E

(ST-PT) 13 52
1.1.2 it DNA

HEiX DNA #5009 F f% E Sigma Chemical Co.
St. Louis, Mo. 23w A= P ik (A DNA (34K
1000 bp). E WA & BT K 2k H X Fh
DNA! 10 202] 'DNA %A 7E 0. 01 mol - L~ il iR -k 2
B2 D (pH R 5.5) , IS 66 BE THTE 260
nm 1280 nm T 73 5 E WOGAE , Ayt Ay = 1. 88,
PR EAM.
1.2 Wk
1.2.1 A[F] pH {H DNA %% A i

% DNA JEA#AE 0. 01 mol - L™ {1tk 2 - Btk iR 4 2%
T i DNA W 4 100 mg-L™", 3 W4 )
0.1 mol-L™" NaCl, 0.1 mol-L.~" KCI. 0. 03 mol-L ™'
CaCl, F10. 03 mol-L~" MgCl, F 3 3 s it B, JHI
PR FI NaOH 43515 DNA ¥ %) pH 4 2.0 ~8.0,
BRIV SAy S5 BT R
1.2.2  DNA (118 55 fige g

A pH 414 F DNA 1 5 5 W% B 52 5. 78
25°C , #E B FREL0. 050 O g @™ #y A&, 43 51 A A []
pH {1 i DNA A 8 mL, 7ER AL E A E IR
2 h, BUTREE,24 h J5, 768 000 r-min "' T &>, IF
A3 FIEW pH {8 &% DNA W2G{H. DNA F i A&
W IR AR DNA & RN % DNA %
B, SCBE A 3 K.

DNA FffE W i S236 . NaCl AR 209 3R DTTE Y H
8 mL 0.1 mol-L™"BARREN (pH Hy 7.3) EE VLW, &
YA 5N pH [ ATROG B E T ORI
AN DNA B, R 0.1 mol - L™ R — 248 (pH N
4.5) PE—IK, 43 BTN A (BRI A DNA AR fige i ot

ST A5 R T B S B0 < A 25°C, HE B AR 0. 050 0
g BWIIEAR, 43 B EE A 0, 50, 100, 200, 400
600, 800, 1000 mg-L~" ) DNA ¥ 8 mL( 434N
pH 3.5 Al pH 5.0) /KR 1L 0.1 mol-L ™" NaCl 1
R FERR SRR G LA E IR 2 h BUT #
B 24 h J5,7E8 000 remin ' By, AN BN G
W pH {8 X% DNA W25G{H. DNA By B8 2: F IS
HEE DNA & B h - HE AR XT DNA 9 W ff o, 52
KA 3 K.
1.3 g5k

DNA H UV3100 43060 BE 3 & 5 pH {H 3¢
B HBON E (VLR R A BT A AR T 2R 77, 231C BY) | &
Eb FRL AR A A R H SR LA
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2.1 YK DNA i J58 pH (B8 4k

&1 AT LAE L, R DNA S pH {5 W f
HI DNA ¥ pH (H4 B 2 A8 1k, U HAE W pH {H
>5. 0 BHASALACH B .

& NaCl HifpBUiA R [ 18] 1 (a) ], 51607 55
I8 - R B ) A R pHL (B AR £k 34 1 T I B DNA i
W pH (A, =0 IR B 7 pH (E-5 W TRl A
Fr—30 407 225001, TR AR pH S B, B8k
WS+ W DNA R J5 ¥ W pH (A28 1k 5 e %
A 25 S

7 KC1, CaCl, Fl MgCl, MLt FR ik &P [ 1

8

(a) 0.1 mol-L™! NaCl

1 DNA J5 F-figifipH

(b) . 1(e)F1(d) ], WM AT pH <5.0 Wf,3 Ff
WY DNA J5 15 pH E -5 W B A AR {4 15—
. 7E KC HL i BTk & b, ZE BT DNA W pH
46.0 B, 3 Fa B DNA J5¥% W pH E R 7.0
LA, AT DNA VA pH (E A 8. 0 B, W B 7
W pH KT 8. 0; 7E CaCl, HLAR T 1A Z 240
BT DNA ¥ pH M 6.0 B, 52 i + 5 w4 4 He ik
B DNA JE¥ W pH fH_ETFF0. 4 ~0.7 947 £
AR I 0. 6 4B 76 MgCl, HiLfig 5 b, 24 108 B Al
DNA % pH 24 6. 0 B, 3 i1 LL WG Fff DNA J5 %
W pH {A E7+0.3 ~0. 8 MHLAL. I FFIT DNA ik
pH A 8.0 B}, CaCl, I MgCl, FLf# TR R, 3 Fhe™
Py} DNA J5 %W pH (HBMIK T 7. 0.

(b) 0.1 mol-L™' KCI

W DNA J&5 - fir g pH

% BT DNA B iipH

W P T DN A HipH

E1 UEHIEIE DNA A7 pH M
Fig. 1 pH of DNA solution before and after adsorption

2.2 K[ pH MWW Ff DNA BRFE

ANIE] pH T APy W Fff DNA ¢ s /&l 2, 75 4 F
ANE R TR, 3 R H) % DNA %) W% Bk A7 76 BH
25t

£ NaCl HU BT A, SHERD X DNA 141 B 23 )L
pH 41 2.5 B 75% Tt 2 pH 2y 3.3 BFW 91% 4
B pH (ETHE , EF 2R X DNA 9 I B A 24k 22 14
hn. YA pH {E K 2.2 ~4.0 B, 521+ % DNA Ay
W RFR 200 95% , 4T pH M 4.0 422 ETH =
pH 4 7.0 i, HXF DNA 40 BfF =3 T s e B, g

B TR 2 25% 5 08 5T DNA A9 I B 2R 78 3 A4~
A pH EYE N W BEE pH B T s b, A pH
2.2 W) 85% Yk = pH R 7.0 B 18% . 1E
KCl LR &, 4% DNA B RS L T NaCl
HL i 1A 2R

£ CaCl, HUFE AR R T EH20° N pH 2. 5 B
DNA (W3 75% b F+%] pH 5.0 B 94% . SNt
+-%F DNA (U FBE pH (AT g T B, IR
M 93% T %5 90% , i 8 + 7 pH {H < 3.6 B,
DNA MB35 5 K, K 90% , pH > 3.6 i, DNA 1% fff
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RIFUE N R, FREZE 57% . 78 MgCl, ML RIKR

i, =8 X DNA WFEPR M pH 3. 6 B Y 92% FUf

S+ AR X DNA AO W B R AR F57E 929% 22 FI%, FHEE 47%.

100

80

60

40

DNAE Bt 3/%

20

(a) 0.1 mol-L™" NaCl

0 1 1 | 1 1

100

80

60

40

DNAE Bt 3/%

(c) 0.03 mol-L™' CaCl,

2 3 4 5 6 7
F- il i ipH
&2

8

100 =

80

60

40 -

DNAE Bt 3/%

20
(b) 0.1 mol-L™' KCI

0 Il 1 L Il Il Il

100

80 -

60 -

40

DNAE Bt 3/%

20
(d) 0.03 mol-L"" MgCl,

0 1 1 ] 1 1 1
2 3 4 5 6 7 8

P HE i H

TR pH ST ¥3F DNA IR B %

Fig. 2 Adsorption perentage of DNA on minerals at equilibrium solution pH

2.3 WA DNA 755 15 0 fi

pH 3.5 B, £F 88 152 i+ 78 F # 3%h
DNA ¥ FE BRI, W R 45 1 24 00 A8 A 50 K i f 6
BE DNA ¥ B2 py 3 hn b b e e, g B th 4oy H A,
EEERA TN 52 I A 07 A3 DNA ¥ B ok /R 350
TORLIRAS s 08 - FlSF- b DNA MR B4k 22 1Tt
Wi B AR AR A, 2 B W 2 30 ot A R B o0 L
B pH 24 5. 0 B AYEHERE o AR B P, I
W B2 R A W3R i 52 B R 0 - DNA
R B B - 673 R DNA. W 388 T 22 1 1 7, W

Bf 2k ok 17>
200
(a) pH 3.5 o b
~ o Bt
o 150 o Tkt
= 100
=
=
=<
z
& 50
A A 7 :'. A
n & 1 - 1 1
0 250 500 750

DNAF- i i e S /pg-mL ™!

1 000

P4 0. 1 mol-L~"'NaCl Jy 3Z 47 HLfi# JiT , DNA 191
BF A5 IRL T2k (N 8T 3) Ry AR A TR E R R (K 2)
127K, Freundlich 55 i W BF A5 Y 8 06 I M 48L& 3 F
HEH™ Y% DNA 190 B Freundlich M FfFA5E 8 4 A
Yy AE R i A AN E — R WL B 52 O kAR ER
AR W B 25 8 (2 2) Lk (HARCK, WM R sl K, 52
I8 = AR AR X W B 2 B AE pH 3.5 I R TR 1Y,
1M pH 5. 0 B /NF A0 1 WM 2801/
n, ZRTEANTE pH R 3 Fa B % DNA W2 ff 3% Fi
T 25 5 R 2 5 0 R R T BB VAR pHL 1EL
SR

100

(b) pH5.0

0 Il Il 1
0 250 500 750

DNAF- i # HE/pg- L™

1 000

B3 w4t DNA Y Freundlich %58 0% Bt #h £

Fig. 3 Freundlich adsorption isotherms of DNA on minerals
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x2 wHRH DNA & Fruendlich FRRHEXSH

Table 2 Fruendlich parameters for adsorption of DNA on minerals

Fruendlich equation Q, = k-c!/"

7] pH 3.5 pH5.0
k 1/n R? k 1/n R?
B8R 147 0.41 0.980  10.4  0.35 0. 998
FhLE 239 0.59  0.938 4.6  0.31 0. 986
ElsE 8.5  0.08 0.884 0.13  0.67 0. 980

1)Q MWKt (pg-mg™") ,R> NPT REL 1/n AR TR

2.4 HWLRE DNA YA ARAE

NaCl Hy, fi# i 1A 22 DNA # & # W [ s,
NaOAc WA NaH, PO, WM 2 5], NaOAc i
(2 38 1 43 F 51 J7 80 B 51 7 T B 9 DNA,
NaH,PO, fi# W Y 3 2 2 3l 2 i 07 28 e W2 B A
DNA''- 24,

Kl 4(a) T LIEH, DL NaOAc R FEW R, £
W BEF ) DNA SEAS i W AN H | 5 R 0 2 06 - fige I >
e BT S A A I 1 IR B DNA R i I
BN 0.1% ~0.4% . 63.7% ~90. 2% H129. 7%
~87.5% , )7 225001, ik pH (AR F, & 8km™
55 - R0 T P 1] ) i R 2 S B, HL
BE pH EF+, DNA B Rz %7 N, pH 5.0 5 pH
7.0 WS+ 5 = -4 ) () A fife T 6 2 S th 2 A
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