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Figure 1 Fabrication of DNA-assembled plasmonic nanostructures. (a) DNA-assembled plasmonic nanostructures by double stranded DNA

molecules'”; (b) 3D plasmonic nanostructures of gold nanoparticles organized by DNA origami

[15]

3773



A % b B 2018FE 128 635 H35H

B2 TR gt B T, g AT HF, 2
A EEN, RESTHAELEFOCODEEMEAF
(REDFG G, BRI % e 44 P21, o o I8 24 24 vp J2
ZOCTE M, X BRSBTS AR
EERY B RS B T R R ok
(CD). HAANHEAEBEZ KRR FSF, Wk
H T FMIDNA. BEATRZ1E LA N R B H
S5 MICDAE . andar il 4 th 5 A AT UL -3 21 A6 X 5
CDfE % . HAT R Ja e A T 555 12l 25 AR )
JE AT AR I R 3

Kuzyk %5 AP S0 /R T DNAYH K3 A AE # 1
I 55 B T IR 45 4 D TR A RE T, PR 1 T 24100
KK FIDNAYT RS Y, FF LA B ZH%¢ T 10 nm
BRSBTS TR HE A TR BE A L A,
E2(a)ir . M TFAE =4 PR, S99k
B = T M EARE ), X e 5 TR & 9ok 25
FBEE = A 2R T F M4 FHICDES. SFHS+
A, EFp L e pA = A B T MG Som s Ak, HLAEnT
D6 LY AR AL B8N 5 T 4% . Shen e AP 51
BT — PP T DNA [ 2418 0 5 5 R DU R AR, A
VO BARERAG A HH R 920 nmfd 4 40 KK (AuNPs), &
R FE I JETE (O DNAYT 4CA A 2025 4, AN 2(b)
FI7R . FECFPAE B R DU SRR, By T4 AuNPs K
ANFHTR], A ER R BRSPS .
A, P ARAR AR B K DL K 6 41~ AuNPs 1) 22 4% $if 3R
BEMBETTERORUE T 254 1 7= 3%, 7 (X RHFILHA 25

TR R KA [ CDIE 5 1 T ER.

il £ 42 e 2 s IR S M T B B R 596
I T H AR R PR AR PE ). DNAYTAUAR Hh T4
W Z e, B S R ERE 2N F RS,
WM—A B TR L PO, mE2(e) iR, BB
DNAHT 4S5 44 42 iy 44~ 25 it A% 37 4045 0 A B 3% B2 08
. 240K ER (13 nm)iE i DN AL 54D %) %
RN DNAPT L5 L. 38 o I T 4045 0 3l
IREENL S AT, ST 2R BA LHE{ RHEE B 11K
PRI 2544, 178 T DL TE Bl S B0 T XA &R
FHAF T .

A R ) 2 g o A T e, B R
T2 T RE BG4 40 K B[R] RE AT LA St 41 2% 45 5 7 gk
YK LERE . Shen: A 2TV 2R 4 gl A A 3 591 ] 5 7E K
J7 JEDNAYTARRY P 1T, JFIE BsE a4k, aniE2(d)pr
. 10 3o B L EANEC N, 24 4 4 K A ok A A b HE )
TEWEETH AL E . 24 38 SR 4 9K R R AR T 14>
SRR R TS, Y e 5] S LHARHIA
TRCAH BEAE BT, &= B ZI R CDIE 5. X
PRI A G OK B R AR T P AR B T 5 0] A Kuhn s
RUEATBEE YA ) T iE—2F, Lan% AP G T
B Z @B MM S PR B AR, BaETH
DNAYT AU 2 1 2 )2 HL % (0 & 990Kk, ikl 2(e)
TN TR ZAEPTACEI AR B9 A HES T X R A dr AR
B, FHEAMYODNAJT S 1T I6E i 4 40 oK gl 2
DEAEIT AR F I TE AL 2 AR 4 9 K AR IR 254 .

B 2 DNAHUIBEHEHTRFHIKE. (a) DNAYTALS | T L FIAF S YORBORMEREARY; (b) DNAYTALES [T S HOR PR F 158 T
PRIUZRAR () DNAYTARS R0 G G URLER L 45 8 ILIRALR AR, (d) DNAYTARS | I T HESAORPE R, () DNAJTARS | R0 T4k

BIIAFRZ R AL

Figure 2 DNA-assembled plasmonic chiral nanostructures. (a) LH and RH gold nanoparticle helices guided by DNA origami"; (b) chiral gold na-

[26].

noparticle tetramers assembled on DNA origami sheets in different handedness™’; (c) helical plasmonic toroidal structure guided by DNA origami®®;

(d) chiral gold nanorod dimers assembled on DNA origami square””);
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; (e) chiral gold nanorod assembly guided by DNA origami
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Figure 3 Surface-enhanced Raman scattering from DNA-assembled plasmonic nanostructures. (a) Application of Au—Ag nanoparticle dimer guided
by DNA molecules in SERS™; (b) application of Au—Ag nanosnowman structures guided by DNA molecules in SERS"; (c) application of gold nano-
rod dimers guided by DNA origami in SERS"'; (d) application of AuNR dimers were guided by the temperature-regulated DNA origami in SERS"™"; (e)
application of bowtie gold nanostructure guided by DNA origami in single-molecule SERS detection'®”!
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Figure 4 Surface-enhanced fluorescence from DNA-assembled plasmonic nanostructures. (a) Schematic illustration of DNA origami guided gold
particle dimer used for fluorescence signal enhancement™’; (b) an improved DNA origami guided construction of gold nanoparticle dimers for fluores-

cence signal enhancement'*?
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Figure 5 Dynamic chiral plasmonic nanostructures assembled by DNA nanostructures. (a) Riconfigurable 3D plasmonic nanostructure guided by
DNA origami™"; (b) riconfigurable gold nanorod chiral assembly guided by 2D DNA origami'*”!
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The global vibration of the free electrons on the surface of the metal nanoparticles forms surface plasmon on the surface
of the particles. When multiple nanoparticles are close to each other, the electromagnetic fields between different parti-
cles will be coupled, and the electromagnetic field strength and spatial distribution after coupling will change signifi-
cantly. It is necessary to construct a plasmonic resonance structure with a precise spatial conformation and tunable optical
properties, provided that the spatial arrangement of the metal nanoparticles can be precisely controlled. DNA molecules
are biological macromolecules that carry genetic information. Different bases in the DNA molecule (adenine A, thymine
T, guanine G, cytosine C) can hybridize to each other to form stable double helixes through strict base-pairing principle.
Using this property of DNA molecules, through rational design, people can obtain DNA self-assembled nanostructures
with various shapes and sizes. This field was afterward named structural DNA nanotechnology. DNA nanotechnology
offers a variety of new methods for constructing novel plasmonic resonance nanostructures. Using DNA-functionalized
metal nanoparticles in combination with DNA templates, a variety of static or dynamic plasmonic resonance nanostruc-
tures have been successfully constructed. The plasmon resonance nanostructures constructed by DNA self-assembly have
a variety of interesting nanophotonic effects, such as chiral signals in the visible range, surface-enhanced Raman spec-
troscopy, and surface-enhanced fluorescence spectroscopy. Dynamic DNA self-assembly plasmon resonance nanostruc-
tures not only have good optical properties but also have good structural reconfigurability. In recent years, dynamic
plasmon resonance nanostructures based on DNA self-assemblies have attracted much attention. This dynamic plasmon
resonance nanostructure has a wide application space in single molecule detection and chemical reaction process moni-
toring. The advantages of DNA self-assembled plasmonic resonance nanostructures in nanophotonics and nanoelectron-
ics are obvious. The controllable positioning of metal nanoparticles is achieved while self-assembly of a large number of
DNA molecules, making it possible to mass-produce plasmonic nanostructures. In the next step, how to accurately locate
the DNA self-assembled plasmonic resonance nanostructures has become a major problem that restricts its application on
nanodevices. Moreover, the mass production of DNA assembled plasmonic resonance nanostructure is still a challenge.
Another strategy for scaling up the DNA assembled plasmonic resonance nanostructure is fabrication of DNA super-
structure using multiple DNA nanostructures. The development of DNA self-assembly and plasmonic resonance
nanostructures makes it possible to construct nanocircuits and nano-factories for chemical reactions. It is believed that in
the near future, DNA self-assembled plasmonic resonance nanostructures will glow in more fields, bringing more sur-
prises to people.

DNA self-assembly, plasmonic, DNA nanostructure

doi: 10.1360/N972018-00833

3782




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


