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This article briefly reviews the use of nanoparticles as matrices for the determination of small molecules using
surface-assisted laser desorption/ionization mass spectrometry (SALDI-MS) and as surface-enhanced Raman
spectroscopy (SERS)-active substrates. It is easy to prepare bioconjugated nanoparticles that have great surface area
for selective recognition of analytes of interest. In addition, nanoparticles having high molar absorptivity in the UV-
Vis region are effective inorganic matrixes for the analysis of small molecules by SALDI-MS. Recently, attention
has turned toward the development of SERS-active nanoparticle substrates for use as an ultrasensitive platform for
the detection of biological molecules.
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DIEBIHERER L iR EE > B REE R~ VE AR ek
58,7 #5%5 (2nm > 5nm > 10 nm) @ {EHI6GR AT E]
100 fmol * & <BZRAL FHIR ST RURES » FT{EflY<E
E77% (gold clusters) FNHEHIFE . 5 - Jﬁtilﬁﬁﬁ’]uﬂ
PRI S A B b AR o Rl ]
iz «@X/J\Z/jém**i%jd&f&/ﬂ\?bﬁuﬂbﬁz:{:}ﬁ

(a) Negatively charged thiols

-
™ [ ] »

. * o %

t‘- []

-

- »
WSRO

— e

b) Neutral thiols
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c) Positively charged thiols
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0 RIBLEAF AT DAFE R % NRAu NPs HYBHEE DL K.
ot R ARE IR ER 53+ © 2 NRAu NPs
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PRI (E I — e B BRI R R R R T > IRk mT A
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ZEY) > HHFI1 Au NPs RAIETT > 5 Au NPs L
W 5 Gz 0 JRRRER 5 A B NRAu NPs HYZR[H]
TER 1855 - IRILE AT - FH NRAu NPs
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TRAZ R RIS < s1% (& 3) ° F1% L NRAu NPs £y
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uM > [MEER Cys FIEER 114 (£ 1.0) uM > BE
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8 3. (@)
VA & @ 4 B F AT IR A A H Bk

= HE RSB FEE 5T ¢ GSH (20.0
UM) ~ Cys (40.0 uM) ~ HCys (40.0
UM) ° FAFEME4EE ¢ (a) [Cys + H],
m/z = 121.99 5 [Cys + Nal", m/z =
143.98 : [Cys + K], m/z = 159.96 ;
[HCys + H]", m/z = 136.01 ; [HCys +
H]', m/z = 158.00 ; [HCys + K", m/z
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REH » ATP FEHEL aptamer FY5REA T HEIR
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A{EHIE] ATP FRFE (B 4) > (EHIMRIRES] 0.48
uM"? o FAPIHE— B FLEATIE (MDA-MB-231) 2£
o e H NSRRI B DURE AR - HiEE
FJEL apt-Au NPs R4 - HIA[EEE A Ry ATP
1 RSEEE LE RS PR A YR L A e R R o

TTERE T - (AN E 3 E L5 B B
ATP HIEHGE - P AR R i ok E ST AR
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#EE S -
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SRR RIS E B GRS R RE - R
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SRR T B IR HIRE A CH > EREE R LA
BREENE SALDI-MS FEE A FL > F A4
cytochrome C Z&EHEH T - R & sk T
Ff_BE i 53 FEBLEG IS (enediol) #5#.2
SRR AR ST WHRER
(C) ~ RHAFRHRETHAE (BCG) HRRAETHAE
FRIRE T B (EGCG) 5 » #nJ Bl & LsimoANL
THETIEM -

EEER=FA S LT R RE
PRS- (R SR MRS L =R 1% > FA
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WEINIE - RILAMEE BRIRER 30 s8N EHIDE L%
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=~ REEHEASEH L

FLIE 1923 4 Smekal B A GRETEHENDE S
HIETRIESES (inelastic scattering) FIFRGEE4E ) -
FT 1928 4 Raman Al Krishnan B[JFI|FH & B 23
TEEEEY > I 5 PR S S e R AR B
R SE - PR o8 1 Bl A e Ay o SR 2% -
Raman [KFLTEZE M E 1930 & MEGE H @5
8% - SETEI PR MR R BL Rt e AR R S EU -
Fr B RER S FIRBISEEE PSR - RES
TH# A HERAIIRE G =X B S B PSR
HeRE R S22 » PRV RE € R FESFEE
REZL AR Ry 5 (5 R MEHE > H/KAYHL = BT o i
55 0 AT — B AR A KA AR B A > AT Y
R BURRIEGT R E « R =S BUTEERE L E
JELLEEL > HAMA SR ERYEREL - SLEERIYEES
EXHITE (scattering cross section) A/ o FlI%&& b
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1974 4 Fleischmann 25 A #3 pyridine W7
FHRESR BRI 2R E ] A 4 SERS XUER » 11 1977
A WE TR B T RIRHEH] - sk fikE
NeEilRtesBRahMaglEm - —2H
Creighton 5 A FHEH Y > B2 Ry (L 2 0 i e
(chemical enhancement) > 5§ HY & W Mf 73 +
(adsorbate) < JEELE (metal substrate) i)z 4L HrHY
B EEME - HONR ILIRT =85 (resonant
Raman scattering) #H] > A R A S U 2
B — MRS 10— 107 {5 - B—AIEH
Van Duyne S5 AFTHEH® > 8.2 R BB RESHE5RSE
(electromagnetic enhancement) > B¢ —fi¢ Stfi i s 5%
[H B IR (surface plasmon resonance) S A
B DL — S BRI AL AR+ - 8 ASHE B
e BEIE ARy - HeeEE SeEERipkz
FHIFRAE FHUEMEE %2 (dipole oscillation) » kL
EEERIES - BRI EIE £ migsah S0
2R > HHIR AR 10°— 107 £ © Van Duyne 2%
EVEESEEMERR - W REMmRE
Y pyridine 7357 S U IR EEUZ AR
pyridine 73 THJ 10° £ - [ ILEEREG BT et s
FIMEEA S EETNEEZERA - 25 R R AT
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1. ERIFIEEE

FHRA Folt R AR e iy & B E F # 2 (A ARy
SBERE TR - HHEBEIRREEE LR
KRN fE < TR RRRIECEZ R - 5F
I RHE F] DA & BURIRERR RT B PEET=ok
MRHER S BURHERE b Rysgas e H B2 B i
BRI o ESEM B TIATOR RS - HRUI
HE(L o H AR R E AR IREE A R
TeARA e - g HERANR] T Ry 2 i AR R
HA L4554 (gold nanorod) FFI B Ry 42> -

BB RRARRIPNT - HRAER IR
TAILE 520 nm R o {ERSORIERIRES - R T & &5
B R E B AR IR RO - —ERETERT 520
nm & EEERE RN EF R REE
TR R T - HEEE B TRV At E
(aspect ratio) BN > Fdl 2 i FE A LR IR A
WAERLNIES (red shift) AUEES - FHZ25 08k 25 HH#
AT LAZEEA - & AGHERE R EEET S BT RIIER
(A EE LR A L BN - ELFTR] DU AR RIEE B
TERANHY B HERE - B AGTRYE S Rl
TR RS Y < FE MR T B S oK by T AR R I 7R
IR E - HAT AR ESIERIES
BRAREE - A 2 BE R YR A i = B SUE - a1l
Nie % ABIFIFHSRZKK T » 18 1997 FEELSE] T
B THIEDH] > A BEFRAE Science |0 HAEHIAY
47 s rhodamine 6G (R6G) °

Halas ZHYIHSE IR AE B S MERAY R AR,
JEHTE} (nanoshell) I SLBLAIZREL "™ - fi LA
M523 & B KRR AR B 2R H BB A LR R IO 7
e FEE R E R - AR EREES -
FE B SRR G M R E S > 2R EEET R [EI L
B YR B RS RI R B — R (1064 nm)
HIAGSERTREZE £ RIFE S B AV - HFTEMR
R para-mercaptoaniline > TEIATEHIRRET » L5
FATLIEER] 10" ARAETRG T S SO SUE - fh(f
HE—PHETHIRE S & (782 nm) EEAN[H]

JEEERTS: ~ SRFORTRIE MR R SR M50 AL 2 B
R > FETTLUER 2.5 x 10" AR -
BT st~ SREURRZ S - HoAth 58 e Pl 3R 1
B T B B SR S SR B A T AT Y B
HEEeBE R o IR R RS BEE B R K
R SRR EE SR A 7] ROBIR AR BRSO
FITCA— M A T RO R EER B SR - WL
FEA R B G E - E (E(E B S e
KA IR Rt S IR - T T8k - 3
B HE BRI A ELEE A1 Xia Younan FZTE 2005 4
A4 (palladium, Pd) BYZORPPEHMECT by YRR R
OV 5y A A R T = AT S A AT ASEE AR
IS H SR B A AR RO (L B & B P
6] - FEA LIS EK) 800 nm FZ - fiti#iE 2
[FEEAR BISE SR RS SR R 5R I S R R
& 0 FTEAM 5 4-mercaptopyridine > BXFEEE
BT £ Fy 785 nm o i #8 3 E FR M B LIRS0
(L EEST M S SRR - e AR
enEh SRR RUE - AN A SRR AT f2 it
I (1.3 x 10%) » SRs AR R AT IR r
FKMETEE I ERFZ (190 )P -

2. & —-WEEMHZRmIEEH S NE

ST E R = H AT B S B E MM E R
B A 2 T B s S R R Y - SE DU
MR S R = FAAE L (tellurium) Z3KHR - BEE
G RN > W AR AR AR E LA UGE 251
nm F] 879 nm ° FEE RN - HFREEF IR
W G At s > FTLAEE 650 nm » SEAER
FE Ry 547 nm BIRZKERTERIRRR > TN A YR 1A
R B R DU R ZR R SR ERY
[ FERFE > A BIR RIS ~ B B BRI EE AN
[FEARETE — R G AR iRanE 6 Frx -
HZR A E TSR RS S R R R E
HR BB IFER AR LB E > SMLEILIE
B RS Wi  #E R6G 7 T-EHiTES
— TS TR EE I SERS FE (a0 7) -
WIS SERS B iRER 2= » FIRERHSE
JRFE e H IR TR REEEGE R e (EBiE
#I SERS HE5R{AEELATEF] 2.2 x 10° » 58l 13 nm
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6.

b — LSRR LT TR
BE C(a) "BATI ~ (b) B aT Ik
(c) 2Rk HIK - (d) & (a) ZHFH#
Y DER RS ) R T o

SE KT ERERFTEIER 1.9 x 10° BEIEIRAY
HREKR T (24 x 10% 18 HIEREMEET%
FHE - BRI AESR RE ATES] 5.1 x 107 0 #E
HIHEFEER B 2R ERm SRR L E R
R H R RS - BRI B RS O e 5
BHSH > SERS FHIRFHENINER © TEELBIFH > R6G 43
T RIRBIR AT PR HE S 2.5 pM -

Intensity (a.u.)
C;

1800 1600 1400 1200 1000 800 600
Raman Shift cm ™)
7.7h R6G 1F &3 & kg AT H > 2 3R M

A (a) & —FERSS S (b) BLE -~ (c) BER&RAR
W H¥E > B¥ R6G EE SR L 85 X
10°95x10"°~18%x 10" -
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FIFH & B =KL AR B B A ) A L2
71 SCE R R YRS TR T E
BAIER (R E~ZE) 2K {F Ry SALDI-MS 1Y
BE > DMEFTLIPSE AR R A Y P E R
FEERIITY) » EEFRR TRV » JRA]E
FRMEAI R 0 RREZ B EIETE R (cancer
markers) [ EEVIITEE FiEEEEGERINES - AR
MEZE A S * SALDI-MS JERI{EAEHE pae Ky
ECEBE E TYIREREE SR - (1) &8
B - fFEE/NR 1000 Da T o {E S %5 H B
MEBEREMP R EETE - ) (HIEEZ -
R EER RN T EREME: & {EHIEK
26 kDa Z &= HE KL » HAHBCRRER T R
REHIEIFT Ry 12 kDa © (3) FEHUE M MALDI-MS
T B o H{E IR R 1070 HE
S8R 0 T—MELL SALDI-MS 43l - k26 HEEE
F) 10" EH - (4) EBEMENTE (mass resolution) © &
SRR RERRMEEEE IS - B8
ERENTEEE (TR HHERS - RtE KA
TR EREEES R AR R EERE - 55
4N > By T 7 SALDI-MS REHE IEFER N E 82
KEHEREZME - FIHSE AR K



kit > BB AN EIR SRR E SR - N2 E
BERCIE AR -

B EER R SERS JiiH > F8HER
LI e, SRR AN R R = B U
EEAEBRH] > IR E - ShES BT RIIERE
ERILIRATER - H A E SR REEsrRm|
BRI OR Y » PRI IR SRS S ok -
B ERE IR S U SE T R - ARHHIE LK
B > RARNERL A LI — S BRET I B (<8R
HEETRER) KR - BERE MR ZE ] DL R
FEIG5ENL SR UE - AN > BN EER
fELEVITIRENE Z ZokA K] > 2L SERS 2R {E A=
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