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Abstract 

DNA-functionalized graphene oxide (GO) is a popular system for biosensor development 

and directed materials assembly. Compared to covalent attachment, simple physisorption of 

DNA has been more popular, and a DNA sequence with a strong affinity on GO is highly 

desirable. Recently, we found that poly-cytosine (C) DNA can strongly adsorb on many common 

nanomaterials, including GO. To identify an optimal length of poly-C DNA, we herein designed 

a series of diblock DNA sequences containing between 0 and 30 cytosines. The displacement of 

a random sequenced DNA by poly-C DNA was demonstrated, confirming the desired diblock 

structure on GO with the poly-C block anchoring on the surface and the other block available for 

hybridization. The adsorption density of poly-C containing DNA did not vary much as the length 

of the poly-C block increased, suggesting the conformation of the anchoring DNA on the GO 

was quite independent of the DNA length. With a longer poly-C block, the efficiency of surface 

hybridization of the other block increased, while non-specific adsorption of non-complementary 

DNA was inhibited more. Compared to poly-A containing DNAs, which were previously used 

for the same purpose, poly-C DNA adsorption is more stable. Using four kinds of 15-mer DNA 

homopolymers as the intended anchoring sequences, the C15 DNA had the best hybridization 

efficiency. This work has suggested the optimal length for the poly-C block to be 15-mer or 

longer, and it has provided interesting insights into the DNA/GO biointerface. 
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Introduction 

DNA-functionalized nanomaterials have attracted extensive research interest,
1
 allowing 

innovative applications in directed assembly,
2-5

 biosensor development,
6-11

 and drug or gene 

delivery.
12, 13

 A key aspect is to attach DNA to nanomaterials to achieve stable and functional 

conjugates.
14

 Covalent attachment, such as linking thiolated DNA to gold nanoparticles,
15-17

 and 

MoS2,
18, 19

 and amino-modified DNA to graphene oxide (GO) is often carried out.
20, 21

 Studying 

physisorption of DNA is also important for several reasons. First, the strength of physisorption 

determines the activity of DNA (e.g. for hybridization). If a DNA is adsorbed too strongly, it 

may lose its function of hybridization. For example, the DNA hybridization efficiency is very 

low if thiolated DNA is sparsely immobilized on a bare gold surface due to very strong 

nucleobase adsorption by gold.
22

 Similarly, strong adsorption of DNA onto carbon nanotubes 

made DNA hybridization very slow.
23, 24

 Second, physisorption may provide a cost-effective way 

for DNA conjugation. Taking advantage of the adsorption affinity difference between the four 

nucleobases, a few groups have developed methods to attach non-thiolated DNA to gold surfaces 

while still retaining the hybridization function of DNA.
25-27

 

Similar to gold, GO is also a strong fluorescence quencher, while its DNA adsorption 

affinity is lower leading to more reversible DNA adsorption.
28-32

 As such, GO has been a very 

popular platform for designing DNA-based biosensors.
33-36

 At the individual nucleobase level, 

purines are adsorbed more tightly than pyrimidines.
37, 38

 Thus, diblock poly-adenine (poly-A) 

containing DNA has been quite a popular choice to anchor on GO, with the other block intended 

for hybridization.
39, 40

 We recently discovered that poly-C DNA is adsorbed even more tightly 

than poly-A DNA on most common inorganic surfaces including GO.
41

 For the four types of 15-

mer DNA homopolymers, C15 more efficiently displaced the other sequences from GO, and C15 
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was also the most resistant to displacement. This suggests that poly-C DNA may serve as an 

even better anchor than the commonly used poly-A DNA. 

With this interesting observation, many questions remain to be addressed before we can 

take full advantage of the strong interaction between poly-C DNA and GO. The most important 

parameter is the length of the poly-C block. For example, it has been demonstrated that a longer 

poly-A sequence resulted in a lower DNA adsorption capacity on gold,
25, 26

 indicating that the 

DNAs were arranged horizontally instead of in an upright conformation. On the other hand, 

poly-C DNA is prone to form the i-motif structure,
42

 especially in the presence of nanosized 

carbons such as carbon nanotubes,
43, 44

 fullerenes,
45

 and graphene quantum dots.
46

 Therefore, its 

packing on GO might be different from that of poly-A on gold. By systematically varying the 

length of poly-C DNA, and measuring its surface density and hybridization efficiency, we herein 

aim to better understand the adsorption mechanism for more efficient DNA immobilization and 

to identify the optimal DNA length.  

 

Materials and Methods 

Chemicals. All the DNA samples were from Integrated DNA Technologies (IDT, Coralville, IA). 

Their sequences and modifications are listed in Table 1. Sodium chloride, magnesium chloride, 

and 4-(2-hydroxyethyl) piperazine-1-ethanesulfonate (HEPES) were from Mandel Scientific 

(Guelph, ON). Triton X-100, poly(acrylic acid) (PAA, MW: 15,000), poly(sodium 4-

styrenesulfonate) (PSS, MW: 70,000), polyethylene glycol (PEG, MW: 20,000), dextran (MW: 

500,000), bovine serum albumin (BSA), and fetal bovine serum (FBS) were from Sigma-Aldrich 

(St Louis, MO). Carboxyl graphene oxide (GO) was purchased from ACS Material (Medford, 

MA). Milli-Q water was used for all the experiments. 
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Table 1. DNA sequences and modifications used in this study. 

ID DNA Name  Sequences 5′-3′ 

1 12mer (C0-12mer) TCACAGATGCGT 

2 12mer-c ACGCATCTGTGA 

3 C5-12mer TCACAGATGCGTCCCCC 

4 C10-12mer TCACAGATGCGTCCCCCCCCCC 

5 C20-12mer TCACAGATGCGTCCCCCCCCCCCCCCCCCCCC 

6 C30-12mer TCACAGATGCGTCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

7 FAM-C10-12mer FAM-TCACAGATGCGTCCCCCCCCCC 

8 FAM-C20-12mer FAM-TCACAGATGCGTCCCCCCCCCCCCCCCCCCCC 

9 FAM-C30-12mer FAM-

TCACAGATGCGTCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

10 FAM-A10-12mer FAM-TCACAGATGCGTAAAAAAAAAA 

11 FAM-A20-12mer FAM-TCACAGATGCGTAAAAAAAAAAAAAAAAAAAA 

12 FAM-A30-12mer FAM-

TCACAGATGCGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

13 C15-12mer TCACAGATGCGTCCCCCCCCCCCCCCC 

14 T15-12mer TCACAGATGCGTTTTTTTTTTTTTTTT 

15 A15-12mer TCACAGATGCGTAAAAAAAAAAAAAAA 

16 G15-12mer TCACAGATGCGTGGGGGGGGGGGGGGG 

17 FAM-cDNA FAM-ACGCATCTGTGA 

18 FAM-rDNA FAM-AGAGAACCTGGG 

19 FAM-12mer FAM-TCACAGATGCGT 

20 A5 AAAAA 

21 A10 AAAAAAAAAA 

22 A30 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

23 C5 CCCCC 

24 C10 CCCCCCCCCC 

25 C30 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
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Preparation of DNA/GO adsorption complex. 

For DNA adsorption on GO, DNA was always used in excess. In a typical experiment, 

GO (400 µg/mL) was mixed with DNA (8 µM) in buffer A (150 mM NaCl, 1 mM MgCl2, 25 

mM HEPES, pH 7.5) with a final volume of 500 µL. Then, all DNA-GO samples were incubated 

at room temperature overnight. The DNA-GO conjugates were washed with buffer A 3 times 

under 8000 rpm for 6 min and the purified products were stored at 4 °C for use. 

DNA hybridization kinetics. 

To study DNA hybridization on the GO surface, non-FAM-labeled DNA was used and 

the DNA was pre-adsorbed on GO as described above. Before the hybridization reaction, all the 

DNA-GO conjugates were washed with buffer A to get rid of free DNA. The baseline 

fluorescence with 50 nM FAM-cDNA or FAM-rDNA in buffer A was monitored by a plate 

reader (SpectraMax M3) with excitation at 490 nm and emission at 520 nm. Then 10 µL of 

DNA-GO conjugates (400 µg/mL of GO) were added into each well, and the final concentration 

of DNA-GO conjugates was 40 µg/mL. All kinetics of fluorescent change were further 

monitored.  

DNA displacement by polymers and surfactants 

FAM-labelled poly-C and poly-A containing DNAs were first adsorbed onto GO. The 

stability of GO-DNA conjugates was studied with 90 µL of GO-DNA (20 µg/mL) in buffer A, 

and then 10 µL of different polymers/surfactants were added. The fluorescence of the sample 

with only 20 µg/mL of GO-DNA in buffer A (without added polymers or surfactants) was set as 

the background, which was used to calculate the percentage of DNA released. Surfactants such 

as Triton X-100 may cause bubbles, which need to be carefully removed to avoid artifacts. The 
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fluorescent intensity was measured by the plate reader (SpectraMax M3) with excitation at 490 

nm and emission at 520 nm. 

Results and Discussion 

DNA length-dependent displacement reaction on GO. Since our goal is to achieve specific 

DNA hybridization on GO, most of our DNA sequences contained two blocks. One block was a 

random 12-mer sequence intended for hybridization with its complementary target DNA. The 

other block was a poly-C sequence containing between 0 and 30 cytosine bases. For comparison, 

DNAs with a poly-A block were also used. We used poly-A (instead of poly-T or poly-G) here 

because poly-A had been the most popular anchoring sequence on GO.
 36, 37

 The reason for this 

diblock DNA design was based on the assumption that the poly-C block is adsorbed more 

strongly than the 12-mer random block. Therefore, at high DNA concentrations, all the DNAs 

are adsorbed via the poly-C block (e.g. the initially adsorbed random sequence is expected to be 

displaced by the higher affinity poly-C, Figure 1A). This DNA sequence-dependent 

displacement reaction has been demonstrated on AuNPs.
25, 26, 47

  

 To confirm this displacement reaction on GO, we first adsorbed a FAM-labeled 12-mer 

random DNA as a probe on GO, resulting in quenched fluorescence. Then non-labeled C5, C10, 

C30, A5, A10 and A30 oligonucleotides were respectively added (just homo DNA sequences, not 

diblock), and the kinetics of fluorescence change were followed (Figure 1B). We also added the 

non-labeled 12-mer random DNA (named 12mer DNA) and its complementary DNA (12mer-

cDNA) for comparison. The fastest fluorescence enhancement was observed with the 12mer-

cDNA, and this is attributable to its formation of a duplex DNA with the adsorbed probe. DNA 

is adsorbed on GO via its bases, and the bases are hidden in the duplex. This reaction is also the 

basis of DNA detection using GO.
33-36

 For the poly-C DNAs, the rate of fluorescence 
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enhancement increased as the DNA length increased (Figure 1C). With the longest C30, the rate 

of probe desorption was comparable to that of the 12mer-cDNA. The signal from the C5 DNA 

was similar to that from the 12-mer random sequence. Overall, a longer poly-C DNA was more 

efficient in displacing the random sequence, suggesting a stronger adsorption affinity on GO.  

 

Figure 1 (A) A scheme of a diblock DNA containing a poly-C block for adsorption on GO. With 

increasing DNA concentration, the poly-C block gradually displaces the other block, leading to 

the upright conformation of the other block. (B) A scheme of FAM-12mer DNA adsorbed on GO 

displaced by other DNA sequences, resulting in the fluorescence recovery. Among the added 

DNAs, its cDNA resulted in a duplex formation, while the other DNAs relied on simple 

displacement reactions. Kinetics of desorption of FAM-12mer DNA from GO by (C) poly-C 

DNA (C5, C10 and C30); and (D) poly-A DNA (A5, A10 and A30). Its cDNA and the same 

sequence but non-labeled DNA were also tested. The experiments were carried out with 

DNA/GO conjugates (20 µg/mL of GO) in buffer A (150 mM NaCl, 1 mM MgCl2, 25 mM 

HEPES, pH 7.5).  

  

The trend was, however, quite different for the poly-A DNA (Figure 1D). The desorption 

rates induced by A5, A10 and A30 were even slower than that of the 12mer random DNA. This 
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indicated that not all of the adenines in the poly-A DNAs were adsorbed. Although adenine is 

adsorbed on graphene more strongly than cytosine at the individual base level, poly-A is prone to 

intramolecular stacking, which may compete with its adsorption on GO, and this has been 

supported by simulation studies.
48, 49

 Based on this simple displacement experiment, we 

concluded that poly-C DNA can effectively serve as an anchoring block and displace random 

DNA sequences as shown in Figure 1A, while the ability of poly-A DNA for such displacement 

reactions is weaker.  

Length-dependent adsorption capacity of poly-C DNA. After confirming the displacement 

reaction, we then measured the adsorption density of our diblock DNAs on GO. To push for a 

thermodynamic equilibrium, we incubated each DNA with GO overnight in a high salt buffer: 

buffer A (150 mM NaCl, 1 mM MgCl2, 25 mM HEPES, pH 7.5). Since both DNA and GO are 

negatively charged, a high salt concentration favors DNA adsorption.
29, 31

 The amount of the 

DNA used during the adsorption process was in excess. After incubation, we washed away the 

non-adsorbed free DNA, and the DNA remained on GO was quantified after releasing them from 

the surface using concentrated urea.
50

 

We quantified the adsorption density of the DNA with various lengths of the poly-C or 

poly-A block (e.g. 0, 10, 20, and 30, Figure 2B). Note that the C0 DNA contained only the 

random 12-mer sequence. The DNAs with a C10 or A10 block were both adsorbed with a 

comparable or even slightly higher density than the 12-mer random sequence. Note that the total 

DNA length of the C10 or A10 containing DNA was 22 nucleotides, almost double that of the 12-

mer random DNA (e.g. the C0 sample in Figure 2B). The fact that they were still adsorbed at a 

higher density strongly indicated that not all the bases were adsorbed in these diblock DNAs.  
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The adsorption densities were quite similar for the C10 and C20 containing DNAs, while 

that of the C30 DNA was about 25% lower. Apparently, the density of DNA was not linearly 

inversed with the length of the poly-C block. It is likely that the poly-C block folded into certain 

secondary structures, likely related to the i-motif to be adsorbed, which has been conformed 

previously on many carbon surfaces, including graphene oxide.
41, 43-46

 The footprints of the 

structures on GO are similar for C10 and C20-containing DNAs, while such structures do not need 

30 cytosines. The extra cytosines in the C30 containing DNA may occupy additional space to 

slightly reduce the density. This is schematically shown in Figure 2A. 

The situation was different for the poly-A DNA, where a roughly linear decrease was 

observed. By increasing the poly-A length from 10 to 20 adenines, however, did not reduce the 

adsorption density by 50% (only dropped 18%). On AuNPs, the density was inversely 

proportional to the length of the poly-A block.
25, 26

 We reason that instead of each adenine base 

being adsorbed on GO, the conformation was more complex, and the final adsorption depended 

also on intramolecular interactions (e.g. base stacking and hydrogen bonding). Due to the 

relatively low affinity of the poly-A DNA based on the above displacement reaction, adsorption 

via the random block likely took place as well. It should be noted that the affinity of DNA 

adsorption on GO is much weaker as compared to that on gold.
15

 As a result, the DNA base 

hydrogen bonding and stacking interactions can influence DNA adsorption on GO, but much less 

so on AuNPs. 

Overall, this DNA-length-dependent density measurement has provided important 

information regarding the conformation of such diblock DNA on GO. It is likely that the poly-C 

containing DNAs were adsorbed via the poly-C block, while the poly-A block containing DNAs 

might have a less defined adsorption structure (Figure 2A). This also confirms that poly-C is 
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adsorbed more strongly than poly-A. The strong adsorption of poly-C should allow efficient 

hybridization of the other block, which was the intended design.  

 

 

Figure 2. (A) A scheme showing the difference between poly-A and poly-C containing diblock 

DNA adsorption on GO (with excess DNA added). The panels on the left has only the random 

block. Poly-C containing DNAs are adsorbed via the poly-C block, while the poly-A containing 

DNAs are adsorbed more randomly. The poly-A block and the random block can both adsorb, 

but in each block not all the bases are adsorbed. (B) DNA adsorption density of the poly-C and 

poly-A containing DNAs with different lengths on GO (20 µg/mL).  

 

Poly-C length dependent DNA hybridization on GO. The above adsorption capacity 

measurement suggested that the poly-C block was adsorbed on GO, exposing the other block for 

hybridization. This conformation was ideal for the intended DNA hybridization, and we aimed to 

obtain the optimal length of the poly-C block. It is likely that a DNA can be more stably 

adsorbed on GO with a longer poly-C block. However, when the poly-C is too long, the DNA 
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density decreases as demonstrated above, and the cost of DNA synthesis increases. Therefore, 

there might be an optimal length for poly-C. 

To test this, we adsorbed a series of diblock DNAs on GO, each containing the same 12-

mer random sequence but different lengths of the poly-C block. This is different from the above 

adsorption capacity measurement, as here the adsorbed DNAs were not labeled with a 

fluorophore. After removing the non-adsorbed DNA, the samples were added to the FAM-12mer 

DNA complementary to the immobilized random block. An obvious fluorescence quenching was 

observed upon mixing in most of the samples (Figure 3A). With a longer poly-C, more 

fluorescence quenching was observed. The extent of quenching is related to the average distance 

between the fluorophore and the GO surface.  

Such fluorescence quenching could be attributed to one or both of the following events. 1) 

The intended hybridization would bring the FAM group close to the GO surface and thus induce 

fluorescence quenching. 2) The FAM-12mer DNA might be directly adsorbed on the GO surface 

(by either adsorbing on the empty space or by displacing the already adsorbed DNA), also 

resulting in quenched fluorescence. With these in mind, we now discuss the kinetic trace of each 

DNA. 

First, the DNA without any poly-C sequences could hybridize with the added FAM-

cDNA (black trace, Figure 3A). Since there was no poly-C block, the hybridization product was 

a full duplex and it could not be adsorbed on the GO surface, leading to very little final 

fluorescence quenching (see Figure 3B for the reaction scheme). With longer poly-C anchors, 

more fluorescence quenching was observed, suggesting that more FAM-12mer DNA remained 

on the surface after hybridization (Figure 3C). This was consistent with a more stable anchoring 

effect of DNA with a longer poly-C block.  
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 For comparison, we also added a 12mer random DNA (named FAM-rDNA), which could 

not hybridize with the poly-C containing DNA on GO. In this case, very interestingly, the trend 

was the exact opposite, where the strongest quenching was observed for the DNA without the 

poly-C block (black trace, Figure 3D). A weaker quenching was observed with a longer poly-C 

block. From C15-12mer to C30-12mer, no further improvement was observed. We explained this 

trend as follows. The C0-12mer sample (without poly-C block) was adsorbed the weakest, and it 

was easily displaced by the added FAM-rDNA, leading to the best quenching (Figure 3E). For 

the sequences with longer poly-C blocks, they adsorbed stronger to better block the surface of 

GO, leading to less adsorption of the non-complementary FAM-DNA (Figure 3F). 

 This set of hybridization experiments further confirmed the anchoring role of the poly-C 

sequence, which supported specific hybridization of the other block and resisted non-specific 

hybridization or adsorption of non-complementary DNA. To better achieve this role, a poly-C 

DNA length of around 15-mer or longer appears to be the most effective.  
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Figure 3 (A) Kinetics of fluorescence drop after adding FAM-cDNA (FAM-labeled 

complementary DNA) to GO with pre-adsorbed DNA containing various lengths of poly-C. 

Proposed interactions between the added FAM-cDNA with GO pre-adsorbed with (B) DNA 

without a poly-C block and (C) the DNA with a long C30 block. (D) Kinetics of fluorescence 

drop after adding FAM-rDNA (i.e. FAM-labeled random non-complementary DNA) to GO with 

pre-adsorbed DNA containing various lengths of poly-C. Proposed interactions between the 

added FAM-rDNA with GO pre-adsorbed with (E) DNA without poly-C block and (F) the DNA 

with a long C30 block.  
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DNA adsorption stability. To serve as a useful anchoring sequence, adsorption stability is very 

important. In particular, without a covalent linkage, anchoring DNAs are still susceptible to non-

specific displacement by other molecules. To explore the optimal DNA length in this regard, we 

then designed a systematic study. We adsorbed a few FAM-labeled poly-C containing sequences 

on GO and then incubated the samples with various competing molecules such as BSA protein 

and Triton-X 100. The fraction of released DNA was calculated based on the fluorescent 

intensity after 1 h of incubation (Figure 4A). As expected, the fraction of desorbed DNA 

decreased with increasing lengths of poly-C DNA. In particular, the most significant change 

occurred by going from C0 to C10.  

 

 

Figure 4. Percentage of desorption of the FAM-labeled (A) poly-C and (B) poly-A containing 

diblock DNA in the presence of various competing polymers and surfactants. A longer poly-C 

block was more resistant to desorption, while the effect of the length of the poly-A block was 

less obvious. The experiments were carried out in buffer A (150 mM NaCl, 1 mM MgCl2, 25 

mM HEPES, pH 7.5). 
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On the other hand, such a DNA length-dependent trend was not obvious for the poly-A 

containing sequences (Figure 4B). This poly-A experiment also served as a control to support the 

data of the poly-C containing DNA, and it was consistent with the previously observed weaker 

adsorption of the poly-A containing DNA. Given the adsorption density, hybridization kinetics, 

and adsorption stability data together, we reason that poly-C sequences of 15 nucleotides or 

longer are optimal for the anchoring purpose. 

Other anchoring sequences. We mainly used poly-C and poly-A containing DNA to study 

DNA hybridization. To have a full understanding, we herein compared the four kinds of 15-mer 

DNA homopolymers, each containing a 12-mer random DNA intended for hybridization. Among 

them, the C15 containing DNA still had the best hybridization performance, where 20% 

florescence quenching was observed with the FAM-cDNA (complementary DNA, black trace, 

Figure 5A). On the other hand, the fluorescence of the non-complementary DNA (FAM-rDNA, 

red trace, Figure 5A) barely changed, suggesting that the GO surface was effectively blocked. 

Both the A15 and T15 containing DNA had poor quenching selectivity for FAM-cDNA and FAM-

rDNA (Figure 5B, 5C), suggesting such DNA design might not achieve the intended goal of 

specific hybridization on GO. 

It was interesting to note that when the G15 containing DNA was adsorbed on GO, 

approximately 33% florescence quenching of the FAM-cDNA was observed (note the initial ~10% 

drop due to the inner-filter effect of GO was not calculated), which appeared to be even better 

than the C15 sample. Since poly-G DNA is known to quench fluorescence on its own (e.g. no 

need of GO), we then performed a control experiment of hybridizing the FAM-labeled DNA 

with the G15 containing DNA in the absence of GO. In this case, nearly 30% quenching was 

observed (Figure 5E). On the other hand, the other three DNA did not show such quenching 
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(Figure S1). Our previous studies also indicated that G15 DNA was not stably adsorbed on GO.
41

 

Therefore, the drop in the G15 containing sample cannot be attributed to the intended 

hybridization on the surface. 

To have a better comparison, we plotted the difference between the black and red lines 

(e.g. the difference between the complementary and non-complementary DNA) in each 

experiment to represent specific hybridization (Figure 5F, green bars), where both G15 and C15 

showed specific quenching suggesting hybridization took place for these two samples. For A15, 

the cDNA sample had only a slight more fluorescence drop than the rDNA, while for the T15 

sample, barely any difference was observed. The red bars are quenching of the free DNA without 

GO. In this case, only the G15 sample showed significant quenching. Comparing all the samples 

together, only the C15 sample had a much higher green bar than the red bar, indicating it is the 

best candidate for anchoring on GO among these four sequences.  
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Figure 5. FAM-cDNA (specific hybridization) and FAM-rDNA (non-specific adsorption) 

kinetics on GO with four kinds of pre-adsorbed diblock DNA: (A) C15-12mer DNA, (B) A15-

12mer DNA, (C) T15-12mer DNA, and (D) G15-12mer. (E) Fluorescence quenching induced by 

free G15-12mer DNA hybridization. (F) Percentage of fluorescence qenching of FAM-cDNA 

with GO pre-adsorbed DNA (green bar) and free DNA (red bar) after subtracting the background 

of FAM-rDNA at 1 h. 

 

Conclusions 

In summary, we conducted a systematic study of the length of poly-C DNA for 

adsorption on GO using a series of diblock DNAs, all containing the same 12-mer random 

sequence as a functional block for hybridization. In general, the poly-C block can effectively 

displace the random sequence from GO, thus confirming the intended adsorption conformation 

of DNA, where the poly-C block is anchored on the surface of GO while the other block is away 
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from GO and available for hybridization. Unlike adsorbing poly-A DNA on AuNPs, the 

adsorption density of poly-C DNA was not inversely linearly dependent on the length of the 

poly-C block. This is likely due to i-motif type of conformation of poly-C DNA on GO. With 

increasing poly-C length, specific hybridization on GO was promoted, while non-specific 

adsorption was inhibited, further confirming the model of poly-C blocking serving as an anchor. 

When challenged with various polymers and surfactants, the poly-C containing DNA showed 

length-dependent resistance to displacement, while the poly-A DNA did not have an obvious 

length effect. Our data is consistent with poly-C being adsorbed much more strongly on GO than 

poly-A or other DNA, and the optimal length of poly-C is determined to be 15-mer or longer. 
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