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Absorption analysis of streptavidin-biotin complexes using AFM
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Abstract

Atomic force microscope (AFM) has become a common tool for the structural and physical studies of biological
macromolecules, mainly because it provides the ability to perform experiments with samples in a buffer solution. In this
study, structure of proteins and nucleic acids has been studied in their physiological environment that allows native
intermolecular complexes to be formed. Cr and Au were deposited on p-Si (100) substrate by thermal evaporation method
in sequence with the thickness of 200 A and 500 A, respectively, since Au is adequate for immobilizing biomolecules
by forming a self-assembled monolayer (SAM) with semiconductor-based biosensors. The SAM, streptavidin and biotin
interacted each other with their specific binding energy and their adsorption was analyzed using the Bio-AFM both in a
solution and under air environment. A silicon nitride tip was used as a contact tip of Bio-AFM measurement in a solution
and an antimony doped silicon tip as a tapping tip under air environment. Actual morphology could also be obtained by
3-dimensional AFM images. The length and agglomerate size of biomolecules was measured in stages. Furthermore, R,
(average of surface roughness) and Ry, (mean square of surface roughness) and surface density for the adsorbed surface

were also calculated from the AFM image.
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Fig. 1. Schematic diagram of AFM measurement system.

NanoScope AFME AH8-8F$157, QTE]+Z (spring tapping
=0.15N/m)°] =3¢ Hd& €% o2 A9d
(spring constant=0.01 N/m) A &1 2 43} Z(nitride)
Add] €& DIAIA FY3IAT.

2.1. & @t (contact mode)

== 28 JL_EE}OLQE A27]12 49y
= ¥sky RUEHslHA METH
B Fol - 51 g Z*}S}Oﬁ, A3 27}
P @ AR A 3)
a}7] 913t Z}(x, y) ol X3 ol A
FHolHA AEHW L AlE EH
HaFo] fAHEE 3t gat HE
A -8R et A g I AZ7re 7}
oA fAEr). ol o] 3] F= £32
9] ‘ﬂ“‘oi—rﬂ F= k7t €k o714 F= ¥, k=
2T, xE Aol Aotk 2 A W(x, ypl
N 2Ade $H 02 gHole Aug AR A%
sted MERT 33k F4S e g o) 7=
= EAE o} R A HEHrh

22 @4y

Y Lo BF 20 nmelA] 100 nme] M-S 71
ZZE 94 (resonance frequency)2] ol A JESE
g o Eoll 5-2td g8 AE8W ity
FARGE. olnf g2 /PEA AEEH S T 1
T ol FioM H2 AMEEH %
o] F&Hrh AE2] wo] Wl njg} 2
st HZ o] Wshe § withHo] 2ALE
WARE wo] MskE A €t o]

e XETe|oE HEVY old] HEdH, WEH
o} o] 2719 4T R, HE FABIES AHE3

B E(tapping mode)

Jn R

2L ol

—238 ~



AFME 0|83 2E] e

23| 2. Lift-off 718

2 0] 83l Cr/AE 34
Fig. 2. Cr/Au layer format]on by using a lift-off method.

28 AHgate] Aolg st olm 7 AR (x, y)elA
AiE 2792 £ANAE AT AL A

Y 330 S de e dEoln 5H 2

AA o) AR & FA ¥ T FH AHEEE
FHrz &5 e 4 3 899 e F P S
3 G} 7Fed REojnt.

RS

3.1, &Xfe| M=t
HEAE 7o 2 gl vlo] oMM 2] HE-E sl
& Z-27|(thermal evaporator)E ]9-3}04 (100) ¥i <
o] Py AFE 7|7 9o CrF Au =& FAsAT
I8 2& lift-off 710 E o] &3}y Crer AuFg 84
A7 AAbel Dz e} ol ARKE ReFa Qi
Ax A= F459 Aust A2 FFEHE S]]
7] Y48l Cr& ¢F 200A F3etL G & A5 FE2
AuE ¢ 500 A E&slsid) ol AEE /W B ¢
o Augl #o)&7)(thiol, SH7} 7HX& 31eH4 A%
0] &3 27| Z2PHEAIHSAM)S A8 A
74_& chgle £3ks A B3-S Basle w
Hoz 71 @ik e 2 gA U

:\9

[

&3
9 gst Y # oMe v 2 #

e @ .
mlo J

7é

-239 -

ol 2l

Wl B3R F3 2 17

streptavidin

8 3. dhd BakAo] Agtel] B B4 =
Fig. 3. Schematic for binding of protein complexes.
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Fig. 4. AFM image of a 500 x 500 nm? area in a air: (a) Au
(b) SAM (c) Streptavidin (d) Biotin.
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Fig. 5. The photograph of 3-D Bio-AFM in air: (a) Au
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(d) biotin surface.
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