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Detection of Biological DNA by Rhodamine Fluorescent Labeling

Based on Gold Nanoparticles/Porous Silicon Substrate

HE Lei

(School of Physics Science and Technology, Xinjiang University,Urumqi Xinjiang 830046,China)

Abstract：The purpose of this study is to prepare a low-cost, easy labeling, good stability and high sensitivity

biosensor, a porous silicon biosensor material with strong fluorescence signal and biocompatibility was successfully

prepared, the plasma effect of gold nanoparticles is used to enhance the fluorescence signal of fluorescent markers

in porous silicon, Rhodamine 6G fluorescence labeling method was used to detect biomolecules in modified porous

silicon by gold nanoparticles. Through the change of fluorescence signal intensity after linking the biological

fluorescence probe, the biological concentration can be detected, the detection limit is 121 nM, it can detect

biomacromolecules with low cost, easy labeling, good stability and high sensitivity.
Key words：porous silicon; refractive index; fluorescence; biosensor

0 引 言

ള໾࡙ಸྟaၞ֥ݺaਅࠒ।݁൞၂ᇕऎႵն֥бі૫؟ Ⴟྍ֥߄ିۿ྘ବ૜ҋਘđॖ ۴ऌൌ࠽ႋႨླေ

ᇅСӮऎႵ҂๝ܻሰุܻ֥ࣖܒࢲ࿐ఖࡱđѩቔູਅָࠎ֥ݺҋਘႋႨႿള໾Ԯۋఖਵთēބၛສః෰႐ܻ෍

োစള໾ཌྷбđઅօૼোಙਘ൞ള໾࠯ඌᇏӈႨ֥֑Ϣᇉٳ༅ಙਘᆭ၂đ෱֮۬ࡎ৷aၞ Ⴟѓ࠺aې؇ۚܒࢲ

aܻ߄ ໗఼ྟקaѯӉٓຶࢠॺa႐ܻӁੱۚapHૹ֮ྟۋđቓູ႐ܻѓ࠺໾ॖܼٗႋႨႿٳሰള໾࿐aٳሰ၌

Ԯ࿐a၄࿐֩ਵთđॖ ႨႿᇅСۚਲૹ؇֥႐ܻള໾Ԯۋఖ[1−5]ēବ૜ࣁၹఃऎႵі૫֩৖ሰุ܋ᆒིႋđॖ ᄹ

఼ఃі૫֥ࠣ࣍ڸ႐ܻ໾ᇉ֥႐ܻؿഝ఼؇[6−10]đᆃ၂หྟФܼٗႋႨႿള໾၄࿐aܻ ਵთēՎຓđବ֩ࡱఖ׈

૜ߎࣁऎႵၞႿ৽ࢤള໾֥หྟđՖطᄹ఼ള໾Ԯۋఖ֥໗ྟקđၘ ФܼٗႋႨႿള໾ٳሰ࡟ҩ[11−14]ēZhang

Miaorong֩ದ০Ⴈବ૜ྩ֥ࣁ൥ᄹ఼ਔ؟।֥݁ঘણྐ[15]ݼđSHI Fugui֩ದ০Ⴈବ૜ࣁᄹ఼ਔ؟।݁ᇏઅօ
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ૼ֥႐ܻྐ[16]ݼđLI Yanyu֩ದ০Ⴈਈሰׄѓ࠺ള໾ฐᆌ֥ٚྛࣉمള໾ٳሰ࡟ҩ[17]đ֌ଢభഉໃ࡮ᄝବ૜ࣁ

ྩ൥֥؟।݁ᇏҐႨઅօૼ6G႐ܻѓ࡟م࠺ҩള໾ٳሰ֥Б֡ē

ЧൌဒӮۿᇅСਔବ૜ྩࣁ൥֥؟।ָ݁ࠎҋਘđ০Ⴈବ૜֥֩ࣁ৖ሰุིႋᄹ఼ਔ؟।݁ᇏ႐ܻѓ࠺໾

֥႐ܻྐݼđၛิۚ႐ܻള໾Ԯۋఖ֥ਲૹ؇đ๙ݖ৽ࢤള໾႐ܻฐᆌު႐ܻྐ఼ݼ؇֥э߄ൌགྷള໾୩؇࡟

ҩđॖ ൌགྷ֮ӮЧaၞ ѓ࠺a໗ݺྟקaਲૹ؇֥ۚള໾նٳሰ֥࡟ҩđః࡟ҩࠞཋູ121 nMē

1 实验材料及方法

1.1 实验材料

અօૼ6Gಙਘٳሰ֥Ԅժᆰࣥ҃ٳᄝ7.5∼8.5

nmᆭࡗđ࿾೤ӯᣍޣ೤đః႐໊ܻڂᇂ໊Ⴟ582 nmቐ

Ⴗđࠗ ѯӉູ500ؿ nmđೂ๭1ē

1.2 多孔硅器件的制备

ቅੱູ1∼7׈෮Ⴈ֥݁ோمോڪ࿐߄׈ Ω·฀mđࣖ

ཟູ<100>đN྘݁ēڪോభ༵݁ࡼோ၇Ց٢ೆѤ๛a

ࣵࣚaಀ৖ሰඣᇏ10ྛࣉ minӑലౢ༡đၛಀԢі૫

໪ಙ໾đႨ40%HF98ބ%໭ඣၙԿčุࠒбູ3�1Ď

ੀ׈ോ֥ڪ॥ᇅࠏෘ࠹ോ၁đႨڪಷ၁ቔູކࠁ֥

љູJ=30ٳҕඔࡗੀࠣൈ׈ēЧൌဒҐႨ֥ࡗൈބ

mA·฀m−2đt=10 minđೂ๭2෮ൕ؟।݁ဢ௖֥।ࣥٳ

҃ᄝ500 nmቐႷđ।ࣥԄժࢠն֥Ⴊᄀ่ູࡱᆭުବ

૜֥ࣁӦࠒa႐ܻѓٳ࠺ሰࣉೆaള໾ٳሰ֥࡟ҩิ

૫ྙષ๭ēࢩ।݁ဢ௖֥؟đ๭3ູࡱਔႵ০่܂

图 1 激发光为500 nm的罗丹明6G的光致发光光谱

Fig 1 Photoluminescence spectra of Rhodamine

6G at an excitation wavelength of 500 nm

图 2 多孔硅样品的表面形貌图

Fig 2 Surface morphology of porous silicon sample

图 3 多孔硅样品的截面形貌图

Fig 3 Cross-section morphology of porous silicon sample

ᄲđ٢ᇂᄝචသඣ(30%)ۄോުဢ௖ᄝಀ৖ሰඣᇏౢ༡ѩᄝ൩໑༯ڪ ᇏ80 3߄༯သࡱ่¥ hēቋުࡼဢ௖

࣏ીᄝࡊԿބಀ৖ሰඣ༎൤ު֥μѤࠎ೘ၙသ݁ࠎບčಀ৖ሰඣࡊ�Կ�APTES=10�10�1ุࠒбĎಷ၁ᇏ

൩໑༯1 hđၛປӮμ߄ࠎđູ ବ૜॒ࣁ৬֥Ӧުࠣࠒ௹ဢ௖಄ࠎ܂ิ߄ࠎԤ่ࡱēμު߄ࠎđࡼဢ௖ᄝࡊЦᇏ

ౢ༡ၛԢಀໃ৽ࢤഈ֥؟Ⴥ֥APTESđѩᄝ100 ो10ޝ༯ࡱ่¥ minē

1.3 纳米金/多孔硅基底材料的制备

ᄝ؟।݁ဢ௖ഈӦࣁࠒବ૜৬ሰ֥ٚمೂ༯ğᄝ100 mLඣᇏࡆೆ2 mLa0.1 mM֥੯ූࣁಷ၁ᆰᇀ٭อđᆭ

ުॹ෎ࡆೆ4 mLč1.1 mMĎ୞૏ූ೘଩ಷ၁đ20 minުđ๔ᆸࡆಣѩࡼಷ၁࣡ᇂ2 hđᆭުᄜࡼμ؟֥ު߄ࠎ।

݁ဢ௖ᄝବ૜ࢋࣁಷ၁ᇏ࣏ஞ8 hđ࣏ ஞުဢ௖ᄝಀ৖ሰඣᇏౢ༡ѩᄝॢగᇏۄᄲēବ૜॒ࣁ৬֥Ԅժჿູ10

nmቐႷđЧൌဒᇏᇅС֥؟।݁ဢ௖֥।ࣥჿູ500 nmđఃԄժնཬູAu॒৬aRBٳሰࠣള໾ٳሰ֥ࣉೆิ

಄ಷ၁ᇏ࣏ஞ1ؽဢ௖٢ೆ2.5%֥໻ࡼବ૜॒৬ުđࣁࠒēӦࡗॢ֥ܔਔቀ܂ h൐؟।݁і૫ປಆФ಄ྩࠎ൥đ

౼ԛުႨPBSčpH=7.4Ďބಀ৖ሰඣّگԊ༡đѩۄᄲē
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1.4 纳米金/多孔硅链接目标DNA

ႨPBSࡼଢѓDNA༎൤ູ1.25 ȰMa2.5 ȰMa3.125 ȰMa5 ȰMa10 ȰM໴۱୩؇đࡼၛഈ҂๝୩؇֥ଢ

ѓDNAٳљႨ၍၁ఖ֯ࡆᄝ؟।݁ဢ௖ഈđ٢ೆ37 ໑དᇏ2ޚ¥ hđ౼ԛުႨPBSԊ༡đN2ᇏۄᄲēᄜ٢ೆ3 M

֥EAᇏ࣏ஞđ٢ᇂ37 ໑དᇏ1ޚ¥ hđ౼ԛުႨHEPESčpH=9ĎߏԊ၁ӞָԊ༡ē

1.5 Rh6G对探针DNA的标记

ሰԄժჿ6ٳDNA֥ࠎࡡ20۱ nmđҐႨPBSߏԊ

၁ࡼള໾ฐᆌDNA୩؇טᆜູ10 mg/mLđ౼5 mLള

໾ฐᆌٳሰಷ၁ᇂႿ10 mLཬഎЖଽđ2ࡼ mL Rh6G

ಷ၁(5×10−4 M)৫ࠧߏત֯ࡆႿള໾ฐᆌٳሰಷ၁

ଽđшࡆш౞࢒đఃުхܻᆑ֕൩໑༯ّႋ3 hēູ

ҀDNAฐ޺࠺љѓٳҩDNAหၳྟّႋđൌဒᇏ࡟

ᆌ1޺٤ބҀDNAฐᆌ2ēೂ๭4෮ൕđRh6G႐໊ܻ

Ⴟ582 nmđᄝฐᆌDNAބRh6G୽৳ުđRh6G-DNAಷ

၁֥႐ܻڂ၍587֞׮ nmđڂܻؿ၍׮ਔ5 nmđі

ൕRh6GӮۿѓ࠺ਔฐᆌDNAٳሰđ႐఼ܻ؇֥ࡨ೐

ॖି൞ၹູRh6Gѓު࠺୩؇ࡨཬđ္ॖି൞ള໾ٳ

ሰ֥ᘉ૵ቔႨđ୽৳ުRh6G-DNAܻܻؿ௶ಯಖࢠᅎđ

ඪૼ୽৳ު֥Rh6G-DNAٳ೛ྟಯಖݺࢠē

图 4 Rh6G与Rh6G+DNA荧光谱对比图
Fig 4 The fluorescence spectra of Rh6G and

Rh6G+DNA

1.6 目标DNA和探针Rh6G-DNA杂交反应

౼50 ȰL Rh6G-DNAಷ၁֯ࣜၘ֞ࡆ৽ࢤଢѓDNAٳሰ֥؟।݁і૫đ37 ໑ّႋ2ޚ¥ hđ൐DNAԉٳᄖ

ᄲēۄԊ༡ၛಀԢໃّႋປಆ֥DNAđN2ᇏگDIّބႋđಖު౼ԛႨPBSّࢌ

2 样品的检测

႐ܻܻ௶ҐႨሬຓॖ࡮႐ܻܻܻٳ௶၎čHitachi Model F-4600 FL SpectrophotometerĎҩਈđഡᇂ׈࿢ູ

700 Vđ༮ډॺ؇2.5 nmđؿࠗקܥѯӉູ500 nmđі૫ࠣࢩ૫ྙષᄝZEISS SUPRA55 VPೡ૭ࣤ׈၎ഈҩਈē

3 分析与讨论

3.1 Au纳米颗粒有效增加荧光染料分子荧光信号的

分析

֥ݼሰ႐ܻྐٳ༅Auବ૜॒৬ؓ႐ܻಙਘٳູ

႕ཙđࡼᇅС֥݁ோ్ູٳਆ҆ٳđ၂҆ྛࣉٳବ૜

ᆃਆோ݁ோҐࡼđᆭުࠒ҂Ӧٳđਸ਼၂҆ࠒ৬Ӧ॒ࣁ

Ⴈഈඍٚم৽10ࢤ ȰM֥޺Ҁଢѓള໾ٳሰđѩ֯ࡆ

ཌྷ๝୩؇֥႐ܻฐᆌđᆭުҩਈః႐ܻ௶๭đః႐ܻ

௶๭ೂ๭5෮ൕēႮ๭5ॖुԛđRh6Gѓ֥࠺ള໾ٳሰ

Auବطđ֮ࢆնն؇఼ݼ।݁ުđః႐ܻྐ؟ೆ֞ࣉ

૜॒৬ॖၛႵིᄹࡆ႐ܻಙਘٳሰ֥႐ܻྐݼđՖط

ູൌགྷ۷ۚਲૹ؇֥ള໾࡟ҩิ܂Ⴕ০่ࡱē

3.2 DNA的特异性反应及互补DNA浓度的检测

๭6ູAu/؟।݁ഈଢѓDNAބRh6G-DNAᄖࢌ

ّႋު֥႐ܻܻ௶๭ēఃᇏޣ೤ཌູ10ȰMଢѓDNA

ა޺٤Ҁ֥႐ܻѓ࠺ള໾ฐᆌّႋު֥႐ܻ௶๭đॖ

ّࢌളᄖؿള໾ฐᆌႮႿ҂ି࠺Ҁ֥႐ܻѓ޺٤࡮

ႋđطໃ৽ࢤᇀ؟।݁ᇏđၹՎః໭႐ܻڂēҐႨՎ

ളหၳྟّႋđ๭ؿॖڎሰ൞ٳҩള໾࡟Ⴕིॖمٚ

图 5 (1)多孔硅本身的荧光(黑色)； (2)链接10

μM的生物分子的多孔硅样品链接生物探针后的荧

光(红色)；(3)链接10μM的生物分子的Au/多孔硅

链接生物探针后的荧光(蓝色)

Fig 5 (1) Fluorescence of porous silicon (black);

(2) Fluorescence of porous silicon with biologi-

cal probes(10ȰM) (red);(3) Fluorescence of Au/

porous silicon with biological probes(10 ȰM)

(blue)
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ᇏఃჅ௶ཌٳљູ҂๝୩؇֥ଢѓٳሰა޺Ҁ႐ܻѓ࠺ള໾ฐᆌٳሰؿളᄖّࢌႋ֥႐ܻ௶๭ēႮ๭ॖّ࡮ႋ

ު႐ܻڂᄝ565 nm࣍ڸđᆃॖି൞ၹູࡆೆ֥ବ૜Au֥׈ࢺڵӈඔྟᇉ൐Rh6GჰႵ֥582 nm໊֥ڂ၍ᇀ565

nm࣍ڸđ္ ॖି൞ၹູ৽ࢤള໾ުRh6G৬ሰࠞࡗ୽ཌྷ޺ቔႨ൳֞႕ཙđՖط൐႐ܻڂড၍ē๭ᇏ565 nm໊ᇂ

ؓႋ֥႐ܻ௶఼֥ڂ؇აࡆೆ֥ଢѓള໾ٳሰ֥୩؇ӮᆞбđၹՎđ႐ܻྐ఼֥ݼ೐ॖᆰّࢤ႘ԛଢѓള໾ٳ

ሰ୩؇նཬđࠧ ॖӮۿൌགྷؓଢѓള໾ٳሰ୩؇֥࡟ҩē

图 6 Au/多孔硅上不同浓度的目标DNA和Rh6G-

DNA探针杂交反应后的荧光光谱图

Fig 6 Fluorescence spectra of Au/ porous silicon

at different concentrations Rh6G-DNA after hy-

bridization

图 7 检测目标DNA浓度从1.25 μM到10 μM的线

性拟合关系图

Fig 7 The linear fitting diagram of the detection

target DNA concentration from 1.25 ȰM to 10

ȰM

๭7ູ࡟ҩଢѓDNA୩؇Ֆ1.25ȰM֞10ȰM֥ཌྟ୅ܱކ༢๭đཌྟ݂߭ٚӱ൞Y =24.1+8.25XđఃᇏY൞

႐఼ܻ؇ᆴđXսіଢѓDNAള໾ٳሰ୩؇ē০Ⴈ࠹ෘࠏೈࡱOriginྛࣉ୅ކđ୅ކ༢ඔູ0.996 84đ୅٤؇ކ

ӈۚē႐ܻ၎֥ٳяੱູ0.1đၹՎھള໾Ԯۋఖ֥࡟ҩཋູ0.1/(8.25/ȰM)=121 nMē

4 结 论

ЧൌဒӮۿᇅСਔବ૜ྩࣁ൥֥؟।݁ള໾Ԯۋఖָࠎҋਘđࡼ҂๝୩؇֥ଢѓDNA৽ࢤᇀAu/؟।݁ࠎ

ָđᄜ৽ࢤઅօૼ6Gѓ֥࠺ള໾ฐᆌٳሰđ০Ⴈବ૜֥֩ࣁ৖ሰุིႋႵིᄹ఼ਔ৽؟֞ࢤ।݁ᇏ֥႐ܻѓ࠺

ള໾ฐᆌ֥႐ܻྐݼē۴ऌ৽ࢤ႐ܻฐᆌު؟।݁႐ܻྐ఼ݼ؇֥э߄đൌགྷؓDNAٳሰหၳྟّႋ֥࡟ҩē

๙ٳݖ༅ଢѓDNAٳሰ֥୩؇ؓ႐ܻྐ఼ݼ؇֥႕ཙđॖ іᆘ޺ҀDNAള໾ٳሰ֥୩؇đః࡟ҩཋູ121 nMđ

ؓള໾նٳሰൌགྷਔ֮ӮЧaၞ ѓ࠺a໗ݺྟקaਲૹ؇֥ۚ࡟ҩē
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