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PRIE O AT DUAE B0 FOKOF B B R 1 R GE 0
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ZIAMNBAUR (infrared microscopy ) /&3E T I ZL 50
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M LA, 25 ] 43 B AR ™ | HLSZ oK iy el
SR LR, S BOUATE TR UR 2 T A L hi g
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MG ARG BT BRI A G A1
Fo & A T AR AR a6 4 PN R IR s A = 4 0
FOX—IRAE 1928 - ENEY %K Raman C V
R

Bt PR , 1962 4E Woodbury E J #il Ng W K
SRR I, FEBO AR R T B2 T A S 2ok
FEHEA ZPPERT, X2 32 B 2 U (stimulated

Raman scattering, SRS) '*'/

R 1T 7R R T ol 2 R S50 o’ B
FADCHEFE e Mot AT, SRS IR AT AEAE D)
HARER T R A o S AL G A G 5 070 1 4
25, SRHE S AR B IR SRR (2, AHAE T &
A SEHRFE G I, 237 2 AR AR BRAT B & 14 3l
R, oMy T Z IR AERE R AL, — RHDLT
& W15 ¥ IR S RE G BRAT % AL Ch T e il
Fo FIHGCALE T Z S 5% (stimulated Raman
loss, SRL), EERERAL, Rt k4 T
P21 55 (stimulated Raman gain, SRG) , 50
Thisr, it —E REARF BORAG I SRL 5 SRG, Al
AR AR A Aef R T2

2 SRS EEYFHHIN A

SRS M 4 # & B J5, H £ 2008 4F, A #
Freudiger C W 2515 YR FH T A 924 /%, 2010
4F Saar B G i — Lotk TS5 A =X, i SRS
WAIOR AT AR FH T 85 BIOURAR 5 10 R AR IR 5k
FRRIFIET 2 RFP 30 WIEHR A WIE, K SRS Wil
Ao Tz N TR
2.1 EYHTFRE

TESL 7 1 240 M rh B 58 4 8 Rl S 0 i A W )
g, — ELAR R — I PR AR F1E . SO &
IS AEY) oy T UG B AR M TR T — K2, R S
9 R WSO WAUEE , AT LA kG i R M E 57
IBEEIOEARIC D488 5> T, 1994 4 SR (058 G R 1
(GFP) i &3, LA 25 5 I 5% 1% o7 FH 22 45 5 fin 3t
A2 SR, T TR AR M T T A Gk o R i
TR Z7 A (A AT [l ki 1) e, AS BB TG A2 4 e (1]
X ARFEAIRER (5 R 0 AR R R oy BER e e
SPERAETE AR IC AR AR SRS WHOR X A= M) A
AR EEAR, AR P, B o UG A
AT 2R N FH A (L
2.1.1 FER

B TR T B A A 4L o, (H R B i 0
B A — EE — M, KA LIS, X AR

O3 AR I U Z A0 T AL G IR S M e k), e B 2
(Nile Red) \#1£L O (0il Red O) ., 77 £} 2 ( Sudan
Black ) 55, (HAEHE AT hR 0 HT, 75 22 50 1% 1 40 0, JE ik
STCETE ARSI 4 A —niknk H1 )1l ( BODIPY)
Jig B AT LIS 40 i et (H 2 6 A5 5 RS
IR T AR A S 5 R s s )
FRIAEAE A TR AT D i S B i 25001 B0 76 1A 3 24558
B, SRS WA H B, M i 5y F LR R TR
5T .

Bk I R ( Eicosapentaenoic Acid, EPA) J&
T Q-3 A0 Z2 AR TG R, 2 £l A 3 A4
BRI LAS 5 BR AT | B I H I = T R [ KO
DA R A R T A 2 R AR R AR 1Y
faRR , B AR A B ARG WL H SO AT e/ 1) 220
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{ELSZ IO 3 AR L2 A AR /D 7 8 AS RE T8 A
(T B2 DR 2T DA B 9 v BT B R o A
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SRS . A WLEZ 2 T Hili i 40 i XF EPA B9 HEECST
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{14 S5 X Bk R KH R (e 20 31 20 W g 06, R VL T A A
KA AN AR IR . AR DR 2 A = C-H LU
K C=C WMgadRsh, 763 015 em ' 2 — N =
MO8 3 015 em YR B AT AR S AN AR RIIR 5 R
(REIE , 5 0I5 3 H S 0 e ) 5 4 T A O
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HARTEIZ S0, e &t — 7R T SR g iR
S LR R X S AR A2 sh AR

SRS R 36 ER R 2 20 1 sh A 16 3l Bk ]
RE , Ry it e 5 M A 26 1) 2 B 4 55 ML AR AL T 0B
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11 5 RBAS 25 i [H] S 05 2, Tk W4 3l
B 2013 45 JE EES H R Wei L 25H]
FH SRS WA, 855 iRE I RR , 1 RoRE T —Fh
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FAREASBEANEEAICR
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HeTF BRI = A — N HHE s e, /B0 SRS BRI,

Fig. 1  The principle of SRS microscopy

[28]

When the energy difference between the pump beam photon and the Stokes beam photon matches a vibrational frequency ({2, ) of

a specific functional group, a molecule is efficiently driven from the vibrational ground state to its vibrational excited state, passing

through a virtual state. A quanta of such vibrational activation results in a photon in the pump beam being absorpted and a photon

in the Stokes beam being emitted, which serves as the contrast for SRS microscopy.

K2 SRS K% SR AL ATMI A, Bar =10 pm
a: RPCR B 755 9% 24 b S ARFLANM P i34 LR R CH, B ARIE 2 852 em ™' 4RHL
b R R 715 5% 48 h S IEFLANM i A1, K R CH, HRAEIE 2 852 em ™' 3R, Ob: {44 ; Ph: 8 11 BifA
Fig.2 SRS images of oil bodies in endosperm cells.

a: Embryonic cells from Jatropha carcas L. seed at 24 h after inoculation imaged at 2 852 c¢m ™' highlighting oil bodies rich in CH,,

b: SRS CH,image of oil bodies in embryonic cells at 48h after inoculation. Ob: Oil body;Pb: Protein body

HW) )5 (biomass ) A “THLHE" (recalcitrance ) , A
Dy AL A R AT TR RCRATTT Y K
TR (lignin ) 5 #4 52 Z% , PE AR E , AN 5 B s i A=
YIREff, — € R B BT AW R AR
MEF4EZ (cellulose ) 1 0] LASri# S~ Bk, T & %

AR CE Al A e B o — A b
FALIE e TH BRBUE SR BT R AR LT AR R T4 5
PR TARRCRD 2 Wtk T i AR
FEARRIOR A5 T T T 1 i A JB 2 1) 7K i 2l
J12HEAE 2010 4 Saar B G 45 5 6 E o] B A GEVR
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SR E AR, I BeAE 18 4CRUAR B Tolk b 732 Ry
PR SR A2 2 BR AR R, OF SRS B SR WL
B TREMRABTR AR AT KRR AU R
SRR AR RN WG RS , LA SRR Bk 3R] Ak
L, 7E Th WL RE 5 8s 5L AT 4K B — W SRS
WG X b RN A IS B B Sk TR
JBTZR SO R e R BRI & A 1 B S R R,
LRI & AR e ™
2.2 HAREMH=HHBK

X E e —FIME BN K2 Sem B R D)
Y., ERRHTICE MY AR A A sh P o
[ s, A 4 AR S e AL, B RAFAE
THERY YR E UG e AR (B R
FAIE T B B AHE, B i S R R F R 40
JLZH B, A/ LA 2R A L 53 D TR IR 45 40 2HL 218
R R, TEBHESI YD B RO TR RIS 3
2012 4%, Yu Z L A5 R AR IC SRS AAR, X 3k 38
W B 1 ( Branchiostroma belcheri ) F1EHE B ) B
£ ( Danio rerio) #1471 IR =4E 1% . SRS K%
B MBS REMTEIES E AL H 0 |
e 5, —HEEAG A R IR TT LIV MULEE 2 15 K
W R AN T B AT AR A By B | ax 2
SR Y] IO BRI A IR VR R DG
P B9, KEM 2 950 em ' FRAGAY SRS 155 %
T2 845 em ~HHFRAY (5 5, R UL R4 i
A B L, AR

JLAE SRS WU A A R AL R S M I = 4E S
IF A R T (R LA 2 (R [ 10 B 22 & Dl
TEREE, BT DU 2 — — BRI T R A S 2 5
T VORI — R ME, 2012 4F 11 H Ozeki Y 257 JH EL
A % Wi i K n] )53 P (frame-by-frame wavelength
tunability ) A% 30 WTHEFP Y SRS I 5%, XF JLAP 41 20
PATTARIC SR . VAR BB FIEZH R /N B /N
GLE VLR HER B IR A AR AR AR T 2l S
43 (independent components, 1Cs) F{% , 23 il ST
BT 53 HT AR BDGIRERe M h A 22 5  IR A R G
B AT LK 53 20150 1R (PR

A S AL F RO 5T b, — BLRIOK Il A9 3=
BP0l 7 S 4 KO b R Ak 2 4 43 1Y
FeltE, P R — M HrdoR | se s e &
Sy TR ) 2 0 A 1Y) A L 235 4 5 2 21 4 | TR s
BA PR Tt X ¥ HE S YRR |
YEVIRE: AR A2 L R okl G i 7 52
e, T2 SRS AE X Jy I YA A, 2013

4F | Mansfield J C 25F]H SRS &AM T )2
U KL AN RE 2548, DA TS KR AR AE AR s A
KR CERT UL B, SRR CH, {8 45 Bk 3 15 £
FZMETE 2 840 em ™' A —AMEIE, 7E 2 930 cm ',
W RE AR B AN RE . BT LA, SRR N 2 840 em ™!
12 930 em ™" FRECE B W 5K AS [R5 5200 €2 1) P15
A, wEET LAAS 0 40 M RE R AR 2 B 25 A R,
FHRARIEM MRS, K FTEAE 1 600 cm ™' 4 —
ARG, R, R RS 2B 1 600 em ™' Al
2930 em ' ARICAY K EG, B0 AT LAAS S 40 i RE 5
RIFFEMZEE G, XA FF ARS8 42U
gh-T
2.3 INYTFHYRE

FEPE 22 | 2580 ()38 i 224 AT S 1 A T 4
Z— WM B S B BE A, =2 o R S IR
EAETIIREM EEARRE , W/ NF AP AR
BIARE Gy 38 DR AT L2 W) oy F
KARZ ik 2 R b AT )42 e bk, DR, RIS 42
PNCHMC I B EE/ N T2 TG AR ZHRK

2008 4, Freudiger C W 55 DL — HF L 7 K
( DMSO) FIHH 7 iR ( retinoic acid) @, AT ER
T SRS BAIORTE I8 BR AR bR 10 25 938 iy o A2 v (4
A, DMSO J&—Fh iz ik 158 15 1 58 7, 78 670
em AT B, AR R gEA R A AT
=4, B HE S A R 5 S e S EEA 2
—8 #1570 om T AT B A REE 1R R 3R K A
¥, DMSO Jiif it 2 [ AHZE 1% KK, BT 2L DMSO i
T ESEETMIEZE, SiEE 2 EAMYEN,
[ B TRAE N R NG o+, A = w BRI 40
BB % | BT LA R AR 5 5 & 4 T 4R AR ]
(A

AR A T 254 5 B IR AR B A 2 R
AR MR AR, B H YR, R
k25 25 A 7= I 200 JTE L, 2945 1000 2R A T4
BB DB FHAE 2% 7] R TR AR L A R0 | B )
Mg RS, 259, UHEA LR R aiaH , &
ZodE R T T A 2 T Y IR B R A Sk AR i R 1)
P M, ARZITR AR AR 25— o AR 2
BRI R T B R E L KT
i W DA B R SRR AR TP i B . S T UEBH SRS 7E
e 2z AR h B IV 77,2013 4F Mansfield J C
ZE1) SRS AR 20 Fr T B K T W b i AR
| — BETR B (azoxystrobin ) F1E i ( chlorothalonil )
FIF BRI, AR Z A2 —FE X PRl 254
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EBEA C=N JLAT, R EAATT 00 615 A 5 R X (20
HHRIRAEW) 4> FAE 1 800 em ™' ~2 800 em ' X [A] ¥
AREBAES) A — MR AP 2 5, XA F T
YA EANT, BT Fams 2SS, %
B E EIE 9076 2 225 em ™' H12 234 em A
FAGE, P — 225 VEE A HU7E PR 25 ) 1Y
1BG SRS B H R AT 2 BE R . SR Rl & DA
2930 em AR 2 04 41 RE LA, BE T LA ER 2 i
RIRGEEHIORN 31 . 735 AR 2R AT ER
XA EA 2 =80, 4] a5 H B ( Glyphosate) . 4
TR R R A AR PR SR T bR e d
R, LLCD, BHFH B R CH, , 6% C-
D JRBNAFFIE G U8, Z97E 2 200 em ™', KRS Y
IRFRICRIEEH RE IR 15, 5 2 930 om ™" il 3R B 40 i BE
UGS, AT T I 2 R H B E oK e i Bk R
oA
2.4 BmEN

S WA A s B A L U A R )
BT H, fE£HITESEE b, 280 WA 1
Ml )z, I EA & Ry TRk, H
B, PR AR 25 Y 052 72 5l 9 5 S vy g ) il
FH B, B 0T A7 LR SR 2R S8 i s A
FEIREE, BfE AR bR 0 R AR 1 & i, P BRI
BT B B A R 2 B o8 4R T LT
FERX 5 CARS R ABEAH L, SRS iR = R A
FE ToR B DL S AR SRR SRR L #As SR i
2011 4, Roeffaers M B J S5 F|H SRS WA , X &
e FLE KOs E R S R B T, R
Jo BB R A3 A AT T R A BER AR 1 AT
B2 T SRS 7E B i 435 58 H R R A ()
3 RE

RN T AT € NS s fach i
ST SR T R R OO B AR IE R T B
5 CARS Mk, SRS # ks, 78 R UE b2z ik
PE B RAHTRE )1 5 R BO AR KA, R
AN, SRS S AR T HL 2 B 3B AR & i 1) B i
W, A SRS AR FAEY o+ S LU 25
I3 FIE S A s A AR DG SR I A ST AT I
B S

R SRS HAR A LIRS, s —Hb i ] SRS
HIHA —E R BR Y, 5 AR F AR A 5 T LAy
FAVHRITE Z )&, B 5ibric RS &, wT
DLt D 0 R X A AR 1 201 AR R) R, 2014

3 H, Wei L % & Hong S %5 ¢ J5 7F Nature
Methods'®’ FlI Angewandte Chemie'®"' | % & T [d]—
BT A, RDKE SRS 5 HRIEARICEE &, 52 B XS 2 Fl
W03 1 IR VR AER G2 M BB A AR AR T
&, M2 BT AME AL, BEE B C=C, &
HATMRF AR IR . BRI SCIA SR
PG PEATE T, BAR G M A 1 B ik fir B i 2
R ER e, R VORI, SRIZ AR R /N bR
% RS APAET TLOEXTEY) 70 7 TR =
A&, MH, P B AW E e A 5 A A IR
YA o R AR X TF AR G
NG A A D) 0 AR BT R TR Ae . MM AE
AIERYAA SRS HURRERE |12 I T AE fw Bl 2 1Y
WFE, HESHAR SC ARk B T 3R e
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Stimulated Raman scattering microscopy and its application
in biological sciences

MAN Yi',LI Ang’,CAO De-chang' ,LIN Jin-xing', HUANG Yan-yi*,JING Yan-ping' "
(1. College of Biological Science and Technology, Beijing Forestry University, Beijing 100083 ;
2. Biodynamic Optical Imaging Center and College of Engineering, Peking University, Beijing 100871, China)

Abstract: Stimulated Raman scattering ( SRS) microscopy offers a label-free live cell imaging via detecting specific vibration of
chemical bonds within particular molecules. Because of its high specificity, SRS is a promising imaging method for in vivo studies. This
review mainly focuses on the principle of SRS Microscopy and its application in biological sciences, especially in the imaging of
biological molecules such as lipids, nucleic acids and proteins, as well as tissues, agricultural chemicals and foods.

Keywords : stimulated Raman scattering microscopy; biology; label-free imaging
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