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S 0% WA IS 1) T 3 DL R R R 58 1) A8 4 B A
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)= )7 H 4 % (layer-by-layer self-assembly,
LBL) /& 20 2% 90 4F AR & J ik oK i — Fh ) & H.
Z IR R B 7 k. ZHE AR E R Z LB
RV 75 9 A8 By 2% )2 23 -1 1A) B9 AH HLAE |, o v 5|
D7 EBE AT B AE B R AT B AR, A TR R
AHFIRTERE I 7> T R AR B B > T A, TR
JRBE , e e A R AR A AL
8, LA 23 31 2 4 4y Al e, N2 B 2 )2 A0 %
Y%z, WET 1 1) DNA 4136 #4050, 47 L8 4F 52
FR N B S b DNA A S HL A R
S, ERBERM R, WS R B2
A1 55 Al 1 LA R R 2, AR CSE i A AR O AT
DL i # R 2 &™) ol it e
o Kok N RS I, RO
Ji (PET) & — Ffr iy 1 v A (1 2 fi A T, AT 5w
R LA A5 R, 6 DNA A B0 1 s 4 B8 0, 4251 4
PET 5 DNA ) EE B w] BLJE B AN 7] K 7S ) 24 2K 2%
fr/N Bk BEAT B) T DNA HE 40 S, 1 7 LAt
DNA #EAT RS EILFEAE —E R LIRS T E
{1 B H -

Jsi 5~ 7 A B CAFM) (¥ HE B O 40 oK 450 8K 1
Rl R TR 2 A AT 8w 1 4 R
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HRORE A i R AT W 8 A A AL F S AFM 45 3] TR
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TR N SR AFM W% DNA [ i, $
FEAS ) (0 L 2 A () 4 1F R A (0 8 R
(0 28 5 T 2 2 DNA TR SR A8 4677 3 H
B DNA 557 AH 5 HL AR 19 155 43 F 4126 i e 1) T 5
o R R 2 5 R 50 AFM N AR AL
ASC R B 1 T 300 ARG I, A m DAt 3 TR R 5 L
Bl R K /N BEAT 4 M A4 Li 2 i R
15 ssDNA 1E g 55 1) 21 2 B4 kL, LLFE I8 AF O A2 B
R AEAN A LR B EAT 2 )= B %%, A AFM
WS T I 2 T B 30 LA SRR T2 1) A8 Ak A 1%
T3 V5 ) £ I R e MR I, F B A s AT LA
F 1 29 40 B A1 e DL BB TR T R AR AR AR K
) 05, Ay % P T DR 8 1 4l oK R 42 it
TH

FEASC R AR R AR A=) K 4 DNA I
PET 5 AN [R] (1) 35 i 26 101 EAT 2 )2 A 4l 3. R X
fE DNA (15 1 R BOK, H 07 T 30 m] B i
71 WA (AFM) T 45 0 42 1) 10 45 nid, 15U b WL %%
T DNA 5 PEI [ 4035 R B 5004840, JF R 45
TR TURLRES & (0 AR A B R 38 — W8 T 8 1
WRE DNA I S B AN [ (6 4k B J v ] 52 28
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— )2 DNA W52 2 485 B 52 i, o 2 40 % L
THE R BESE A [ M R AE O BRI, BA KA [ (1)
AR BR 5 v R St JE L X DNA Fil PEL [ 41235 7
IR RS FE s i, DA OR 3 0 2 2 A 413
DNA 5 PEI #H B AE H 1 4y 7 HLAE.

1 ZHHS

1.1 R EH

pUCI19 DNA @Ak K+ Filg A T, 5K &0
Jl (PEI,70000,50% [ 7K %5 ¥ ) ) 35 T Ff 4771, 3-
N = 45 B BE B (APTES) Iy 3K T Sigma-
Aldrich.

1.2 #Emsl&

121 = BESCH Gl Fr 2 JeC 58 10 i) 4 2

ARELR IR 3 P2 BE SRR K [ DNA, —
Tl 2 DA 380 2 10 2 1 2 BE AN HCAE AT Ak BT A
LU 54 10 mmol/L Mg " ) DNA %W (10 wg/
mL,0. 1 mol/L PBS ZZ i, pH =7.2) , % 200
pL B3R DNA S AE = BER I, ## & 3 min 2 )5,
FHZE VR /K Mk 25 BERTH, SR TR T SR A5 —
R )R TR AT H k.

5 RP 7 S B 200 pL PEI A (5 pg/mlL,
0.1 mol/L PBS ZZph ¥y, pH =7.2) &b ¥ = B} %
[l 15min, Z8 WK phk, =AW TR, E#E
TZE g%,

B =M R T 300 fi5 ¥ APTES %
WAL FEEL K 30 min 2 JF, Z& TR K o U, A AR
RiL,REEHTZE B4l%.

1.2.2 DNA/PEI 22 [ 41 %%

577k DNA G 86 2 1 1R M R 1 e
IR (F A =B BT 205, F A 200 pl
PEI %% (5 pg/mL,0. 1 mol/L PBS & ¥ ¥ , pH
=7.2) 5 & 15 min, R K P Uk 5 K, A0tk
AR, H 2R T E AL .

B Fh oy ik, # PEL A B B IR (&= B/F) |,
WA 200 WL pUCI9 ¥ 3 (10 pg/mL,0. 1 mol/L
PBS Z p W, pH =7.2) , AL FIL 15 min, ZE 187K b
Ve W, T N S5 AR L) PEL % 9 (5 weg/mL,
0.1 mol/L PBS £ ph ¥ i, pH =7.2), it & 15
min, ZE WK UG A T, W E R R E, R kA
T B

STk e APTES b PG BRI (= )
B AE ) LA 200 L pUCT9 %4 (10 pg/mL,
0.1 mol/L PBS ZZ ¥ Wi, pH =7.2), i & 15

min, Z& 1K #1006 5 W B ON SR AR BRI PET %
W (5 wg/mL,0.1 mol/L PBS £y ¥ W, pH =
7.2) ,FRE 15 min, ZE /K P OE 5 W Wk T
BAE B 2R T AR R
1.3 FRIE

Jo 7 0 BB (AFM) ) 245 0 Nanoscope V
Controller ( Bruker Instruments) , 3% F #2 mi 455 20 £F
O BEAT A RN A5 Oy RTESP, &8 1 It
PRSI Ny 275 ~ 316 kHaz, Bk 3 K 20 ~ 80 N/
m. F R RS HIAE 2.0 ~ 3.0 Hz 5 B, 985 R~
32000 ~ 4000 pm, 42k 512 x 512 4 % A
FHREEE (RMS) & F H NanoScope Analysis 3% 44 7E
—7K 2 pm x 2 pm W& ELIREC3 ~4 4k 800
nm x 800 nm K/ FRURE B2 AR, vF 5 1 B {H bR
% .

2 #R5iR

2.1 B PEILEHNEEHEKHEIT DNA HE
SREES

o BRI AT A SR, 10 DNA a7 470 H i 19
7, 5 80 DNA M DLEL 3 W B 7R = BE R R
1. A R AT] B ok 22 R R i 5~ PET T BUE &
REZE 1A 3 1H A I WL A, 4R R DNA [ 8 72
PEI b # ) = BER 1 ¥ 1 (a) fros. $:45 NAE
DNA L 4% T )= PEICE 1(b)) , Wk EE
AR LR (e), (d), (e), () B 25— )2
o DNA IS, JET8 50 &1 AN J2 AR5 M, {H 2 B 35 4 3¢
PEI 2 J& ,DNA 751538 B v] W, , I H.35 57 %% M it
FUE = BER I b $6W) DNA B 308 HE 41 F = BE R
10, i HL AR TR R B2 A 1 K, B 3 R AT S R
THURLRE P2 BB R Ty PRAR L &, i ] 2 . 4
HAMNZ S DNA 8% PEL IS, HLkS FF #5685 2 %
(1% 358 Jon i 3 K T AR A = DNA IR (1) 26 1A RS B2
EE I 30 (1) W9 A~ PET J2 1 2 1 R R 24K, 3 S0
i FEE T 38 K 5 B A IR 1 A A0 B A
2.2 BFKE.DNAREMzEBRELEAZ
BY 2 i

T 5% DNA 5 PEL [ 21 5 i 52 31 Wk 4 [A]
RIS, 5y WS T8 1k BE  DNA IRk 2 AN A
(10 55 i LA S B JEC 19 AN [m) =% 1 A R 5 0 2 2 A4
& 1) 52 .

TS E IEE s, & 3 . B3
(a) AR 718 € 1) DNA, K3 (c) B PET & &
(1) DNA. 7] LB 2 &t H 8% 25 + Al PET > i &
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500 nm

Fig. 1 AFM images of layer-by-layer self-assembly films of
pUC19 DNA (10 wg/mL) and PEI (5 wg/mL) deposited on
the surface of fresh mica with different numbers of layers: (a)

PEI/DNA, (b) PEI/DNA/PEI, (c¢) (PEI/DNA),, (d)
(PEI/DNA),/PEL, (e) (PEL/DNA); and (f) (PEL/
DNA),/PEI

The first layer deposited on the mica surface is polycation PEI

because mica surface is negatively charged.
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Fig. 2 The statistical curve showing the surface roughness
(RMS) values of the AFM images in Fig. 1 as the function of the
numbers of layers (n)

The first RMS value was measured on the (PEI/DNA) layer.

DNA, i Ji5 ) 2 11 7 35t o AN A1), 50 1) DNA

iRy 2] 7M. 0.5 pe/mL ¥ DNA J5UA (1 78
SAAE 22 1 W (10 mmol/L tris HCl, 1 mmol/L
EDTA,100 mmol/L NaCl and 10 mmol/L MgCl, )
AIDMRGF 13 3 JEoR, = BE Ny BRI W 3 (e) . i
Kl 3 (a) w] LUE B8 B 1 T LUK DNA S 3 1 4] 3
i 52 75 2= BEZR T, DNA 5 73 5 A Al 1 B 3 (¢) H
PET 4b ¥ 1) 2= B} 22 11 [ 52 1) DNA 25 B i BUAE —
Wb, BB Y. 2 Ja 4134 PEL 519 218 3(b)
DNA AT 4l i A4k, 18 3 (a) o 86 5 1 I
JE [ DNA B0 B0 BAT A, 4 5 PELAEH 2 )

Fig. 3 AFM images of layer-by-layer self-assembly films of
pUC19 DNA (10 wg/mL) and PEI (5 pg/mL) adsorbed on

the surface of mica modified by different methods: (a) DNA
layer on fresh mica in the presence of 10 mmol/L Mg®* , RMS
=(0.373 % 0.006) nm, (b) DNA layer in Fig. 3 (a) after
being treated with PEI (5 pg/mL), RMS = (0.591 +0.012)
nm, (c¢) DNA layer on the mica modified by PEI (5 pg/mL),
RMS = (0.570 £0.012) nm, (d) DNA layer in Fig. 3 (c¢)
after being treated with PEI (5 pg/mL), RMS = (0.752 =+
0.021) nm, (e) AFM image of pUC19 DNA (10 wg/mL, 10
mmol/L tris HCI, 1 mmol/L EDTA, 100 mmol/L NaCl and 10
mmol/L MgCl, ) adsorbed on the surface of mica and () AFM
image of pUC19 DNA (10 pg/mL) adsorbed on the surface of
mica modified by PEI (0.5 mg/mL)
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DNA R 3 (b)), EH AR HE 3 PTRAE = BF
M, 1y 2 M RE Ok T M B A& A,
(0.373 £0.006) nm ¥4 (0.591 £0.012) nm,
A2 75 SR RS , (8] 4% U W PET 5 DNA A28 7 A 5
YEM. PEL 40 H1L (¥ 2= BEWR B 1) DNA S AN 5 - %
i HA 2%, H DNA B RS N/l (3
(b)), 20 21 %¢ PEI 2 J5 DNA A2 7% JifH (& 3
(d)), 21 kRS 2 1 (0. 570 £0.012) nm B £
(0.752 £0.021) nm.

4(a) 4(c) &N APTES it B 2 B 1T,
ANTF R 2 A 4 T DNA [ JE. B 4 (a) H, DNA [
WA S weg/mL, K 4(c)DNA JRE N 10 pg/mL,

sy 413 PEL 2 5 DNA [ TESi At & 2B 7 8R4
[l A2 (B 4 (b) AT 4(d) ). |8 4(b) H DNA Jii
BT otk PEI Z MR T B5W), A28
BT NER B Y B M DT RRAE 2 BER T 3R TR RS
FEAE i (0.250 +£0. 014) nm 34 % (0. 606 +0. 077 )
nm. & 4(d) ZE£4H 3 PEI 2 )5 % H U B A
o, MR Y- 3 TR AR = BERR IR I, 5 2 26 [m) ok S
(] DNA ZJ5 (1 4(e) ), = B & 1t 5 A7 W] 1
AL, W] DNA JK JE 88 KN, O 2 Be 1% T8 W 1%
SRR 3 2 AR AR AL A I S P e, R
B PNIIFEEZN

Fig. 4 AFM images of layer-by-layer self-assembly films of pUC19 DNA and PEI (5 wg/mL) adsorbed on the surface of mica
modified by APTES: (a) DNA (5 pg/mL), RMS = (0.250 +0.014) nm, (b) DNA/PEI (DNA, 5 pg/mL), RMS =
(0.606 £0.077) nm, (c¢) DNA (10 wg/mL), RMS = (0.385 +0.013) nm, (d) DNA/PEI (DNA, 10 pg/mL), RMS =
(0.559 £0.030) nm and (e) DNA/PEI/DNA (DNA, 10 wg/mL), RMS = (0.791 £0.071) nm
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Fig. 5 The statistical curve showing the RMS values of AFM images

in Figs. 4(c¢) ~4(e) as a function of the numbers of layers (n)

The first layer measured was a DNA layer.

2.3 AEEKEX DNA BEKHF M

Tk A S BRI, 23 il APTES 8% PEI &b
HRIEJ, 75 41% DNA, JEFMAH I, 2 A i & 6
7 FIEE 8.9. APTES 4b B (1) £ B [l 2 DNA R 5%
L, B s W (B 6 (a) ). #4575 % 1 52 B 4
3¢ PEI 5 DNA (& 6(b) .6(c).6(d)),DNA
FEPURAE ALy FR T, 7% TR RS [0 8 R B, 5 A
WG, 6 (d) nT LU B R 2 ik
Hit 55 1R AR A A 1 T TR

F PEI &b # 5k Jy 3 1, [ € 1) DNA JE A
W, Wikl 8 (a) , J )5 PEI b ¥ 2 J5 (Kl 8 (b)),
M BUAR 2 ke, 3 A 8 v A2 () 3R TR RS
JERB KGR K 9, LEH 2,8 = E2 W
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2 T AEL RS J3E A2 A0 AN K, (5 21 585 DY = 80K ) i AR
KB4 thal LA H b, e Z A ZEAK, {5 &

500 nm

Fig. 8 AFM images of layer-by-layer self-assembly films of
pUC19 DNA (10 wg/mL) and PEI (5 pg/mL) adsorbed on
the surface of fresh silicon: (a) PEI/DNA, (b) PEI/DNA/
PEI, (¢) (PEI/DNA), and (d) (PEI/DNA),/PEI

Fig. 6 AFM images of layer-by-layer self-assembly films of
pUC19 DNA (10 pg/mL) and PEI (5 pg/mL) adsorbed on
the surface of silicon wafer modified by APTES: (a) DNA, (b)

The first layer deposited on the mica surface is polycation PEI

because mica surface is negatively charged.

DNA/PEI, (¢) DNA/PEI/DNA and (d) DNA/PEI/DNA/PEI 20
1.0
Lo d
09 %] e
£
. g 1.2
E 0.8 2
b —_
Z 07h 0.8
/ .
0.6+ 0.4 1 I I 1
2 3 4 5
0.5 ) ) ) ‘ The number of layers (1)
1 2 3 4
The number of layers (n) Fig. 9 The statistical curve showing the RMS values of the
AFM images in Fig. 8 as a function of the numbers of layers
Fig. 7 The statistical curve showing the RMS values of the (n)
AFM images in Fig. 6 as a function of the numbers of layers The first RMS value was measured on the ( PEI/DNA)
(n) layer.

The first layer measured was a DNA layer.

WEfIFF B DNA, HR 38 Riveti 2% 1 B 57 45 114,

LRSI 0 DNA S5 58 B8 B4 B0, DINA 937 g o 9 5 1 86 05 O 50 9 B
1 DNA/PLLE""" ' DNA/PDL 55 DNA/PAH'™ s it v 1o DNA [ 7] 35 46 K J8 H53 nm
Spk R LR WIHURE B 2 B R ORI, v kA T PEL 6 2 2 11 2 i B 70
L2 AF I Z PEL 5 DNA fE &G IE FIEB 5340 DNA 6] LA AFM B4 90 52 51 2L % $1, PEI
JIBE, JF 3 THI KL J32 D0 B A 2 0 6 m B IR R gl B4 82, BT AR PEL M LK, DNA & B
FOBIARAS A, 55 Li 2502 2R ] ssDNA 528 (R A0 fabb e e, 9L, DNA 2% 70 i 4 2 I 26 22 T 2%
A (15, JEAR T RS BE A (L U AL B Rl 5B — B LI, A8 45 2 1H0RLRE , 24 41 %% PEL i,
MG, T REAH LA N AN A, — & pUCT9 2k i iR PEL ] Ui 75 DNA 26 B 1) 5 % DNA J4 3 . 1 4
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My — Lo ], AT A 2 1P, IR R AR
/NN A B R R B K N R BE 2 A B AR
b 55 ZFh R R AT RE & DNA 5 PEI ] DU RS &
W A R R AR T =AW Rk, B PET X
DNA A7 1 6 ¥ F< 46 A )y, — 3% Ll & 3@ i, ol B
F T BCHOIR OB (K 25, W 1 3 .(F) . A7 AH 6 3
R g B AR PEL A6 B, R B AT BT A
DNA 5B &R, HAL B S & W) i, DNA o & &
MR KIMEEY, 1 PEL i Z 0, 5590
SRUORLER /N, UiF 25 11 PEL B¢ 2. DN b /8 21 2 i 1) ik
T, 24 DNA % i 58 76 = fF LI, 41 3% PEL B,
PEL & & ¥, X I B B 2 & W) 8/, 1 24 PEL
Bl ] 5 I, 4152 DNA  DNA S5 &1, X I T B i1
AWK, BT LA DNA kg Ab J2 I J5 () 2 T R A
FEAD X8R, PEL Ay 41 5 I I (1 2 1T RS B AH %t
BC/N LA bR R RS B 5 I A AT IR T AR A R A
PSR 25, 1 DNA, PET (13 B, 5 i 46 i R 4%
R B Z AR T B ATT A — — BRI X 2 R FE %
2 22 5 11 56 1

58, = BRI R T A U5 R =
REJEATAE M, &I DNA [ T8 SR LE 2 RESR 10 K 0
BURA 52 20 52 74 2 BERE I H DNA 3k J& #§
A AV IE, B8 9 7 T LUK DNA AR &7 (1 [8] 52 75 = BF
R b A T, S PEIE 2 F AL
MRS, H 5 E B APTES &% % PEI I kb ¥ = R}
FLJEI ,DNA AR Fam i R AR IR L, &6 28
TG H R4 2% PET 2 J5 &7 Ml B 31X
AT 5 V6 0 I K N . Dietler 257 4 W 4%
27 [ 2 DNA [ J5UEE J2 86 3 T 4E DNA 5 s i %
TH1 2 [8) T B — A M 2, A 58 059 TR W B D) %% DNA
] 52 75 = BF & 1 L, T ] APTES 4b B 2 J5 5
DNA 1R, iy 6 W B g i 6 L 1 3 AT 4,
ATRLARBL, 8 3 (a) 3 (b) 8k B 1 i 52 1) DNA 24
%% PEI 5 ,PEI 5 DNA 2 8] i) = & 38/, B 13
PFFEBH, K 4 (c) 4(d) M 4(e) P APTES
Wb FRZ 5 ] PEL AL FE 2 J5 , 3 TH A B 2 1 A Ak
FH#E B 7 [ 52 DNA, A] L#5 DNA R 45 1) T AL A
= BERTH, TE412% PEL I, B 8 P 3 M TR e = B
T b, i A2 1% PEL 5% APTES b3 (1) = fE &
AT, 5 IR 4 25 0 o B W S 1)

% DNA 55 PEL BEAT 2 )2 H AL REn) ik H &
T P A R DG, X 1 ZE R D PET X DNA
IR HS 400 e ) Bk SER R I DNA IR E R 5 g/
mL,PELJKZN 5 pg/mL I, DNA 29 Hs 46, A fE

YA M T AR AEFE R L, an ] 4 (b)), AN & BR B kL
R, EE Ay 0.5 mg/mL (¥] PEL &b ¥ = BEK [ 2
J5 PG 0 DNA (10 wg/mL) I, DNA 2> 4% Jk 45 JE
Be/ANER, 3 (F) , I ERT DLW M A B 2k
ANTR] K/ FSORL R 7 Bk 3X 5 SCHR 0 1) DNA 5
PET 2 [A]3& 4 /) E A w] LAJE BAS [R] K /s 1 49 2K kL
TARFE 4 DNA [ h 5 pg/mL I, PEL Jy
5 wg/mL i, Wi 4(a) 4(b) . B 4(b) &
(1) DNA 4% F 45 , A e~ B Hb PU AR 7E = BF 3R, 1X
P T BUG I AR A 41 2. SIS K I DNA
PEL (1) 5 53 0 10,5 we/mL I, J2 )2 41 3¢ nf BA
T B U 1) e

gr BT, = BE NSRRI, B iR B2 U DNA K
FE RIS [H) 7 92 1] 52 DNA X2 22 120 285 5 1) #8 4
PR RS B AT B T [ E 1) DNA RJ DAY B Hb T
FRAAE = BER T, JE B 2 B9 53 B, gk i 40 %% PET
Joi 2 THI TG W S R ARG VAR B R = R B 1R PEL LA
S APTES 4k B ¥ 2 B 36 [0 3 AN g B B35 A9 1R B
SLJE AT B A ] B R 1 2 A B R k.

FeE A 1 4 R I, 2 1 APTES 20 # PEI &b
P, 2 )2 A 4% DNA 5 PEL, JB 1) B 3048 4k Fl
TR RS JE 1) AR A AN AH [R]. e O APTES A P ek
AR I, DNA ¥ T2 S8 4 i M, W & 6 (a) T
APTES 4b# 2 B 3 JiE I, [ 52 19 DNA, FE S Ky
BT, Wil 4 (c) A BAF8 0 ZH. X v fgje T
APTES 73 53 5 A [7] 55 i B Y (1) #2 BEAN ], 3 3803k
T PR R Ay AN (] 3 T 5% 22 )2 A e ) R
R THTRE RS B2 (9 A2 4. Rk 15— 2 DNA PR
RSP R THHLURS B 0K, i % PEL 2 )5, o
BT, AR A T 4 3R TR RS FE TR T Wy, B
A B N, i A G 2. 3R R FE
B A =R P N TR iy N (] < B T
ISR N TR R B Ty N T I & £
HIRSE N B R R LS

%l PEI 4 HEAE F JE R[5 55— )2 DNA Jg,
PR % PEL Bk ;v SRR bos IR & 1 ke, an &
8(b), FFIRUTA DNA I, JESAH 22 A K, 1E 8(¢)
TR R S AR A 22 AN K, T A B A 3 TR
JEE S R T I TR, Wi 9. mT LUK, PET &b 3 1) #:
v R I 2 TR A R 3G K ) A A T

g bk, APTES &b B 1% & Fr 25, 8] 52 (1)
DNA "B 2, AP35 H A5 2 7R
/0, B 5 ARS8 2 3 K 1T PET Ak B Ak v K&
JIG, J2 J A A% B B8 1) 3 TR RS B2 8K HL 3 KT
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e J5& A AR K B 2R T R B S O AN IR RS T
3 g TURIE DNA WP KL i LS A [ 5 v [ 5€ DNA
- XFJZ 2 B AL AR 5, R B DRI

ACVEM 5T T DNA 5 PEI 76 A [A] 1 3 R S50k LR T AL RS JEE 1) A% A A 7 2R R i
R EHATRE AR R ik AR Wk PEL AR BEAE )7 R RN, = = 2R B 5 11
YERHEIR)ZJZ A AR N, R DA%y i mT DO B0 RS 2 A5 K L0 DK f s 58 O A X K
IR S PR 2 T R RS L S B AR ) A A
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AFM Observation of the Change of Surface Morphology during
Layer-by-layer Self-assembly of DNA and PEI

Yan-zhi Tian, Yan-li Li, Yong Jiang”

(School of Chemistry and Chemical Engineering , Southeast University , Nanjing 211189)

Abstract Negatively-charged DNA and positively-charged polyethylenimine ( PEI) were selected to form
layer-by-layer self-assembly films on different substrates. The changes of film morphologies and surface
roughness during the assembly processes were observed and measured in detail by AFM at a molecule level.
The influences of DNA concentration ,ion concentration , substrate and modification method on the self-assembly
films were analyzed in detail in order to understand the interaction between DNA and PEI. The results show
that all the above factors affect the surface morphologies and roughness of the DNA/PEI films. It was found
when the DNA/PEI film was self-assembled on mica surface modified by PEI, the increase of surface roughness
followed a zigzag pattern with increasing the number of layers. The study may help us understand the molecular
mechanism of layer-by-layer self-assembly.

Keywords Deoxyribose nucleic acid ( DNA ), Polyethylenimine ( PEI), Layer-by-layer self-assembly,

Atomic force microscope (AFM)
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