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Abstract. The current method available to separate populations of X- and Y-chromosome bearing sperm in 

bovine is based on relative DNA differentiation by flow cytometry. Within the research of a new technique for 

bovine sperm sexing, we analyzed a new approach based on laser generated gold nanoparticles (AuNPs), 

functionalized with triplex forming oligonucleotide probes (TFO) to target enriched sequences on the bovine Y-

chromosome. The bio-conjugate was made by 6nm AuNPs labeled to TFO hybridizes via triplex formation to 

bovine XY genomic DNA. These gold nanoparticles agglomerate in situ in a specific qualitative manner. When 

DNA is condensed in chromatin structure like in sperm nuclei, the probe does not hybridize on Y-chromosome 

bearing sperm nuclei in a significant manner respect to X-ones. More studies are needed to improve signaling of 

AuNPs in sperm nuclei. 
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Introduction 

Sperm sexing by flow cytometry allows the separation of Y-chromosome bearing sperm from X-ones in 

order to facilitate a sex pre-selection of the offspring in mammals [1]. The approach is currently 

commercially available for dairy cows. It is based on relative DNA differentiation between X-and Y-

chromosome bearing sperm by flow cytometry and the use of fluorescent DNA dyes [2]. A new approach is 

needed to avoid toxic DNA dyes and gold nanoparticles may represent a novel fluorophor-alternative. Our 

study analyzes the possible use of AuNPs as signaling devices to detect the Y-chromosome in bovine sperm. 

for sperm sex sorting solving the problem of DNA toxic dyes.AuNPs conjugated to oligonucleotides have 

been the topic of intensive research as for therapeutic drugs or marker devices [3-9]. AuNPs functionalized 

with oligonucleotides may allow the detection of specific sequences in vital cells or selecting haploid 

gametes that trigger desirable genetic traits [3, 5, 10]. 

Triplex forming oligonucleotides (TFOs) are short ssRNA or ssDNA probes of about 20-25bp, which 

hybridize to double stranded target DNA avoiding its denaturation [11, 12]. TFOs hybridize poly-purine 

sequences on the DNA target called triplex target sites (TTS) through Hoogsteen hydrogen bonds [11, 13]. 

Chemical modifications of DNA nucleotides such as locked nucleic acids (LNA) and 5-methyl-cytosine are 

necessary to increase TFOs hybridization efficiency to dsDNA under physiological condition [14-16]. 

TFO probes have been used to trigger AuNPs onto specific genomic sequences leading to local aggregations 

and therefore transforming nanoparticles into signaling devices for DNA sequences [9, 17]. AuNPs change in 

surface plasmon resonance (SPR) when they are pulled closer to each other on a triplex hybridization, this 

phenomenon is called bathochromic effect.  Y-chromosome specific hybridization results in a AuNPs 

agglomeration and therefore in a change in absorbance. 

Materials and Methods 

In this study we identified a 20bp triplex target site characterized by a cytosine content of 35% and enriched 

on the bovine Y-chromosome. The target sequence was 5’-AGAAAGGAAGAAGAGGAAAG and the TFO 

probe sequence was 5’-(thiol)-TTTTTTTTTTYXYTYXXYTXYTYTXXTTYX. Deoxycytidine residues (X) 

and locked nucleic acids (Y) were used to improve probe stability and enhance the triplex hybridization at a 
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physiologic condition [4, 14, 15, 18]. A 10 thymine base spacer was added to separate the TFO from the 

AuNP. A thiol group was added on the 5’ prime of the TFOs to immobilize the LNA probes onto the gold 

nanoparticles.Laser generated gold nanoparticle were synthesized as described by Barcikowski et al. [3, 19] 

with a size of 6.5±1.1 nm in diameter. Ex situ conjugation was performed to label the TFO onto the 

nanoparticles [3]. Hybridization on free genomic DNA was performed incubating 22.6 µg/mL of AuNP/TFO 

with 26 ng/µL of genomic DNA respectively of male and female cattle. A second hybridization assay was 

performed incubating 22.6 µg/mL of AuNP/TFO conjugate with 1x10
6
 sorted sperm nuclei. Incubation took 

place at 19 °C in 1x PBS buffer pH 7. Hybridization was evaluated trough the change in absorbance by a 

UV-VIS analysis after 1 hour of incubation, from a wavelength of 200 up to 700 nm. Conjugate synthesis 

and SPR analyses were performed by Center for Nanointegration of Duisburg-Essen (CENIDE). 

Results 

Fig. A shows the result of the absorbance peak of the sample AuNPs-TFO incubated with male and female 

gDNA. The conjugate agglomeration on XY genome (blue curve) results with a shift in absorbance of 10 nm 

respect the probe alone (black curve). The conjugate agglomeration on XX has an absorbance that shifts of 1 

nm (red curve) respect the probe alone. The shift of the XY-peak is of 9 nm higher than the XX-one. Fig. B 

shows the result of the absorbance peak of the samples AuNPs-TFO incubated respectively with X- and Y-

chromosome bearing spermatozoa. The absorbance peak of the sample AuNPs-TFO with Y-chromosome 

bearing sperm is of 534 nm (blue curve), results with a shift in absorbance of 10 nm respect the probe alone 

(black curve). The conjugate agglomeration on X-chromosome bearing sperm is of 533 nm (red curve), 

results in a absorbance that shifts of 9 nm (red curve) respect the probe alone. The difference between the Y- 

and X-chromosome bearing sperm hybridized with AuNPs-TFO is 1nm. 

 

Fig. 1: UV-Vis analysis of AuNPs hybridization on genomic DNA and on sperm nuclear matrix. A) 

Hybridization of AuNPs/TFO to female and male bovine genomic DNA and. Blue curves indicate AuNPs-

TFO hybridization to male gDNA, while the red curve indicates the female gDNA. Black curve shows the 

AuNPs-TFO alone. Small inner squares show the peak position at different wavelength of the different 

probes. B) Hybridization of AuNPs-TFO incubated with Y-and X-chromosome bearing sperm nuclear 

matrix. Blue curve indicates AuNPs-TFO wavelength when incubated with Y-chromosome sperm nuclear 

matrix, the red curve indicates the X-chromosome sperm sample. In black, the curve of the AuNPs-TFO 

alone. Small inner square represents the peak position at respective wavelength. 

Conclusions 

Six nanometer laser generated AuNPs do not interfere with the hybridization on genomic DNA free in 

solution at pH7. LNA probes conjugated to ~6nm AuNPs selectively hybridize on XY genome and 

consequently trigger AuNPs on a specific genomic loci. Y-bearing sperm nuclei do not show a significant 

surface plasmon resonance shift compared to X-chromosomes. More studies are required to confirm and 

enhance AuNPs/TFO hybridization on genomic DNA in sperm chromatin status. 
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