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A new visual investigation into nanogold-based genechip
assay by atomic force and scanning tunneling microscope
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Conformations of surface atoms in various stages of nanogold-based genechip testing are scanned by the
atomic force and scanning tunneling microscope. We intuitively observe the process and differences in probe
combination, nucleic acid hybridization, and silver staining, which might be useful to validate the assay
method of genechip. We hope to use this technology to make the other invisible chemical or biochemical

reaction become visible and convincible in the future.
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The detectable signals of biological samples marked with
nanogold instead of fluorescence and isotope materials
can be effectively enlarged in genechip assays and well
documented!™?.  Genechip assays based on nanogold
technology have more potential benefits than the other
methods!® =5, Atomic force and scanning tunneling mi-
croscope (AFM-STM) works through the mechanisms of
atomic force microscope combined with scanning tunnel-
ing microscope. It can be used to observe conformations
of surface atoms and widely used in nano-biology and
nano-medicines! 8!, For example, it can be used to di-
rectly assay nucleus, proteins, cells, antibody, antigen,
microorganisms, and genechips. In this letter, we in-
vestigate the conformations of surface atoms in various
stages of nanogold-based genechip testing scanned by the
AFM-STM.

Genechips were prepared according to the previous
methods!®1%. In brief, probe of staphylococcus aureus
(ATCC 25923) was designed as 5-tta gta gta ccg aag
ctg gtc at-3’ modified with the radical (-NHz) in 5’-end
(Takara, Dalian). The radical (-NHz) in probe was chem-
ically combined with the radical (-CHO) of formylphenyl
slides (CEL Associates Inc., Poland). Through this
chemical bond, probe can be fixed on formylphenyl slides.

Primers for polymerase chain reaction (PCR) were de-
signed as follows. Sense: 5-gtc ggt aca cga tat tct
tca cg-3’; anti-sense: 5’-ctc tcg tat gac cag ctt cgg tac-
3’, whose 5-end was lingered with the radical (-SH)
(Takara, Dalian). PCR products were amplified by using
DNA fragment of Staphylococcus aureus (ATCC, USA)
as templates. The radical (-SH) in the amplified frag-
ments was combined with the Monomaleimido-nanogold
particles (diameter d=1.4 nm) (Nanoprobes Inc., USA)

1671-7694,/2010,/100964-02

by covalent bond!®:10,

The amplified DNA fragments marked with nanogold
particles were hybridized with the probes fixed on
slides. Nanogold particles can be combined with silver
(Nanoprobes Inc., USA) by metal-phase response. Silver
aggregated on nanogold particles and formed a bigger
brown inclusion, which made the signals of hybridization
enlarged!®:10],

AFM-STM  (IPC-205BJ, Chongqing University,
Chongging) was used to scan surface conformation in
various stages of nanogold-based genechip testing, in-
cluding the surface atomic configuration of formylphenyl
slide before the probes were covered, that of genechip
after the probes were covered, that of genechip after
the target nucleic acids were hybridizated, and that of
genechip after silver was stained. The results are shown
in Fig. 1.

The surface atoms of genechip slide (formylphenyl
glass) were in a regular porous-arrangement (Fig. 1(a)).
After the probes were combined, the arrangement
of surface atoms in genechip slides became irregular
(Fig. 1(b)). After hybridization with the target nucleic
acid marked with nanogold particles, surface atoms in
genechip slides were in a relatively regular cable-like ar-
rangement (Fig. 1(c)). However, after silver was stained,
the surface atoms showed a larger protuberant mass
(Fig. 1(d)).

To our knowledge, it is the first study to intuitively
observe the state of the chemical response in genechip by
AFM-STM. STM is an instrument for atom size surface
analysis working on the principles of tunnel effect through
assaying the Fermi-energy graded electronic cloud den-
sity. However, the detected samples must be conductor or

(© 2010 Chinese Optics Letters



October 10, 2010 / Vol. 8, No. 10 / CHINESE OPTICS LETTERS 965

Fig. 1. AFM scanograms of surface conformation in various
stages of nanogold-based genechip testing. (a) Conformation
scanogram of surface atomic configuration of formylphenyl
slide before combined with the probe (8.1x8.1 (nm)); (b)
that of genechip after combined with the probe (7x7 (nm));
(c) that of genechip after hybridizatation with target nucleic
acid (7.1x7.1 (nm)); (d) that of genechip after stained by the
silver staining (8.1x8.1 (nm))

semiconductor, which limits its applications. Fortunately
AFM based on STMI!M =13l can be used to observe the
surface conformation of non-conductor samples through
the interaction between atoms. AFM is able to observe
the atomic arrangement and electronic behavior on the
surface of samples!™ 10 which is widely applied to ob-
serve the structures of cell and biological molecules in
real time.

The AFM-STM we used worked on the principles of
both STM and AFMI®=8],  Surface conformation in-
formation was obtained through documenting the weak
atomic force between probes and samples and the com-
putational models. The surface atoms of gengchip
slide (formylphenyl glass) were in a regular porous-
arrangement before the probes were combined, because
the genechip slide surface has been treated as smooth as
possible at first. After the probes were covered, the atoms
had different structures and distributions in genechip
slides. So, the arrangement of surface atoms in genechip
became irregular. After hybridization with the target nu-
cleic acid marked in nanogold particles, the probes and
target DNA formed two-strand structure. So, surface
atoms in genechip slides displayed in a regular intense
cross cable-like arrangement. Furthermore, lots of sil-
ver particles were combined with nanogold and formed a
large mass. So, the surface atoms showed a larger protu-
berant mass structure with silver staining.

In conclusion, we intuitively observe the process and
changes in probe combination, nucleic acid hybridization,

and silver staining by AFM-STM, which might be useful
to validate or trace genechip assay in a visual way. Also,
we hope to use this technology or updated methods to
make “blind” chemical or biochemical reaction become
visible and convincible in the future.

This work was supported by the National Natural Sci-
ence Foundation of China (Nos. 30300326 and 30972827),
the Military Equipment Service Science Research and
Innovation Project (No. 2-09011), the Science and Tech-
nology Project of Shenzhen (Nos. JH200504270119A
and HZ0907004), the Science and Technology Project of
Nanshan, Shenzhen (No. SN200603200), and the Science
and Technology Project of General Administration of
Quality Supervision, Inspection and Quarantine, P. R.
China (No. 2008TK256-03).

References

1. Y. Zhou, D. Gu, W. Lu, R. Xiong, X. Liu, H. Shen,
and X. Chen, “A nano-amplifying detection method for
bio-chip” (in Chinese) Chinese Patent: ZL 02 1 33538.9
(May 25, 2005).

2. Y. Zhou, W. Lu, D. Gu, and H. Wang, “A gene-chip based
on nanogold reporting system for rapid pathogens detec-
tion” (in Chinese) Chinese Patent: ZL 2004 2 0034442.X
(May 11, 2005).

3. C-H. Yeh, H.-H. Huang, T.-C. Chang, H.-P. Lin, and
Y .-C. Lin, Biosens. Bioelectron. 24, 1661 (2009).

4. H. J. Lee, A. W. Wark, and R. M. Corn, Analyst 133,
596 (2008).

5. D. Gu, W. Lu, and Y. Zhou, Foreign Medical Biomedical
Engineering Foreign Medical Sciences (in Chinese) 28,
75 (2005).

6. G. Peng, X. Yang, H. Xin, J. Liu, and X. Li, Chin. J.
Mech. Eng. (in Chinese) 43, 127 (2007).

7. G. He, Z. Zhang, G. Peng, H. Bai, and X. Yang, J. Chin.
Electron Microsc. Soc. (in Chinese) 25, 26 (2006).

8. X. Yang, A. Chen, G. He, X. Feng, Y. Wang, J. Zhan,
and Z. Tang, J. Chongqing Univ. (Natural Sci. Ed.) (in
Chinese) 24, 137 (2001).

9. D. Gu, W. Lu, H. Wang, and Y. Zhou, Chin. J. Noso-
comiol. (in Chinese) 18, 29 (2008).

10. D. Gu, W. Lu, H. Wang, and Y. Zhou, Chin. J. Noso-
comiol. (in Chinese) 17, 143 (2007).

11. Y. F. Dufréne, Curr. Opin. Microbiol. 6, 317 (2003).

12. J. L. Alonso and W. H. Goldmann, Life Sci. 72, 2553
(2003).

13. G. Binnig, C. F. Quate, and Ch. Gerber, Phys. Rev.
Lett. 56, 930 (1986).

14. T. Huang, S. Zhou, H. Teng, H. Lin, and J. Wang, Acta
Opt. Sin. (in Chinese) 28, 1420 (2008).

15. Y. Wang, H. Meng, Y. Wang, and W. Wang, Acta Opt.
Sin. (in Chinese) 28, 804 (2008).

16. H. Li, Y. Tang, and L. Hu, Chinese J. Lasers (in Chinese)
36, 472 (2009).



