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Applications of two-photon microscope in biology
Zhang Ping

(Institute of Process Engineering, Chinese Academy of Sciences, Institutional Center, Beijing 100084, China)
Abstract: Two-photon microscope is a new type of microscope which combines laser scanning
confocal microscope and two-photon laser technology. The microscope consists of an infrared
pulse mode-locked laser, a microscope and a two-photon detector. The infrared light emitted by
the infrared pulse laser gives the two-photon microscope the characteristics of deep penetration,
small photobleaching area, small light damage, high fluorescence collection rate and so on. At
present, it is widely used in neuromorphological and behavioral research, tumor immunotherapy,
drug screening, living spinal injury and other fields.

Keywords: two-photon microscopy; biology

1931 4, Maria Goeppert-Mayer £ 5 7E fit 1 18 118 5 AT BR 10 1) # JBE HE 5 R ZE RS
A FTAOE T RSO AT RE R A1 BLE 1960 FFHOEAR L, Kaiser. Garret £ Abella 55
FHEFA WAL T IX—Hi8, BERROCEERRA 20 A D0 KRR B2 —. 1976 4, Berns £}
SR — YO FIH AT IR T RN . 1990 4, S [E BE 48 /K K% Winfried Denk %25
iGN T IR WOLR ARG KW T RO T B . B4 X0 RS O BB
PRAE D = 2 G AN R BR  TR, AT BLRSRER FORE S VOB1E 58k . 3RA3 98 g



PROEIC RS RS TS . HATCAEMZ Y MR, R8T BERE . MR
EAURAT R T T BN

1 WRHARK TERE

XG5 U R LA B b BB B, AU 2 1 U T B0, i G T
EVHG RIS . BT LADGE A SRS R, FAEAE AR BA IR I 1 5 B IR
JZ, FIHZBR& A S A LLE W BOR R T O3] 8mm 454 . [N 2040 R 7E
RGN, PG EEERDGE A X EARR BN ZOUBEERIER R, HBOE & s
T B MEE . BRILZAb, ZLANGH R (A E AL AR 5, AT DA — L iR sk
1.1 SOET S MBI B & A

UG T €A S N EERA AN 7 QUL Y K/ v ST T KA WO b e U et 3 (7 A2 A R N
HMIK BT IR0 25 2 MR 0o I, BERT DU U306 680-1300 nm BT OG5t 7] LA
XU )25 H PR SO B30 5 AT A ) 680-1300 nm LA K [ 52 [¥1 1045 nm 3 o XUHOG A1 5%
HEBOL AR AT LU AL TE 2 X0 T IR 2K, i 1 S 2 IR e i 1 DA S = BB R R
I HICBEA R e 2R 445115 o

R &3 X067 A B RN, FEAATHE SRR, — A AN LR PMT A il <%
HPIAS 8 R GaAsP PMT kil 85 M B Ferbr GaAsP PMT Al #5% 1 SR B8t v T 1 A
PMT il 2%, 7EFRSEHOGRBEEN T, BT, WU EIMISHIE S . GaAsP
MEEAE T IGRER, IH A M REE T B ok T A .

BB RO TR ARG, AT LRI AR i 5615 5, BERT DL IEE AT A
BN KRR RA &R, AT, IEERMEMBRAERY Er ETT,
FESOCIEAEBY G R TT, BB SRR GIEA B A S SR IETT I, IEE R
WY DURE M S 3 (—MRBUE N 0.18) B BE SR MM (—BBUE N 0 i3

ATRLIE, T3 B ARl 0 AR R B B B SR MU R BEAT AR AE. (— By 1
1.2 JOLTEMERNRARRE

LGRS BRI, SERIRE A AR A B — S T i JEOR LB BRI B T
RE BT S EE, B ANEESERIT RS MRS . BT ARSI RE, By h RS,
AT HE RS RE RSN, fEE S ORI R A 9O602. 5061 — kil —
AT HIBEE 2 A EBRGE WTT R 220 . XU T AL b T3 BTG HLT, RI il 2



MRIEKIETAA FIAB, 43t — MR A BB Ok & A i a5, RS — N KA )
a2 (B .

B1 BREFRANEKRE

2 AV RN A

UEAER, BHAE T 1A A% 1 4 1) TR DA AE MR DOdUR R, [ 9 AR RHFELAS LK B0
FIRGHART 2 B F &L RAT I BB iRdT  2aM0tis . TSR HE S5 AR
WS4TSR, I FEUE T — @ MR HER O, I BT 0] BARH AR sh Prtb AR % 1 2
oo/, KR SR, SR 9 IR TT, SRR KRR T EE.
2.1 FETHEHENE

U S5 AT P DR i - BREUT A, g SR BRI R AR, 2 RIS A R4t
M EEALRE Sy, SERWIAIL. BRI BRI 2SR E AL 152 2 RN R 1E % %
DI, Lk R Y 2 (EC) BIRR[EI(DG). DG #| CA3. CA3 | CA1 [ = Sl A B A Ay
T T 1 E AR R ) R TH 8 o b2 SO AE /N 32 RSk S I A AN ZH 24 i — AN D
ANF RS BB T B2 45, FIXOG 7 BB W 54 S i CAL XA SR CA1-CA3,DG (&




B2 SDESEANETERER
MAITCRMAEME RGRIKE AT 2 WIS TGS P e =R,
D b g 75 0F 4 28 T8 RS A0 AR A BEAT SR R I o AL 50K B SOAR R AL — A & AN AR A —
AN S SR /N SRR R, AR TR (10 Sk 78 DX SR R R A L P B — A B Sk
XY BB, Fm X067 B L WX e AT WS, R IR 2

VN
GRS SR B AR 5% SR XA 5 R BRI I e L (I 3) ),

B3 #MEmasasia

2.2 FEFHERA

ARG IS5 5 R G0 A I & P 2 8 RE TR 38 TR 20 P a1k DA R i PR e %
S5 FE R A DIAR DCI6) . Kok A A A U R R e, AT S TR A R T
T ARG SO0 FR SR 2SR BT Fi s 0 0GR AN S R O 2, I 7 B O ORI
PER (415K 1) . 2019 4F Haruhiko Bito WRRW A T AR 45 Fa /R 7, %IR8 2H Jd ik
FE/NR U ERRC A F 2 S 8, SRS K RBLRTIN AR, %8 A KK I 4 B A 4R R
USR] T 5 A S R,

®1ERERFIEMR

ST =il BoRPEK (nm) RHBK (am) Kd (nM)
Fluo-3 800 526 325
Fluo-4 800 516 345
Calcium Green-1 740-990 531 190
Oregon Green BAPTA 1 810 520 170
Fura-2 800 505 140

Indo-1 700 400 230



GCaMP2 910 525 660

X-Rhod-1 925 602 700
2.3 XUGTF B R RIRTT

J¥ IR RS A A BRAE XN T 82 B — AN R AR G IR T 98 07 1%, 1 Se 24BN sh e ae,

SR G AE IR R B, B P AR SR o (R X o SR 7 2 TG VA R AR 21 g 1) — L )
AR Ty — Pl 5 B RS IR (1) 2 AR N BN P RARAS, XM AR Ao R AR, A e
B ERVBEA N EAETE— AT I T IR IR TR A B A0 KT o RO T R IR
BUBRTRAN T IR RS2 IR F kA 2, B BE BB LS TG 1A I8 RETE 41 ML K~ i34 T Bt - 55
W ALE N RS RIC SO ey T 40 EE B 40, SR )5 FRES RAR N, & e Mg
PIGAF T I AL — B ASN N ER 8. R BEa R B e R R T — i
PRINRE X006 T IREE 2R AT LS e 4 I R S 45 5, AT AT DA 52 31 il Rg kA AN TR
AR (B 4) BT S SETEAAR I IR BB H A2 X007 1 S B 2 1 7 1)

B4 FEEHAGMENEF=4ER
2.4 FEHCEHER G RR

MR35 0 T 10 T2 5 T A — L P 2 U AL O A 0 A L
FE 451 85 A 77 T R AP 304 T 9 E A S L, (L 35001 VS R A B0 05 1
SEHENAS A L B LS B 1 Heline /N —Floh 2 22 S0 M08 1 €05 R 141 16 25 R
AN R B S N R S (L9 T . Young-Jin Son NILIEI R %R 6 47
SRR , FII RO T B e 7 [ e ] 5 2 05 20 M 2 1 T A A0,

3 &

RIET- 5 BB 4 2 T WO HE T B B RO T OB 1 — Fhgi B A . 15
RGN T BB L, SO TR B B0 . YA Kb IR0 Sk
R R, RO T B BB B2 O R TS R AL R S b . BRI AN, XOET B
A TLE M — — B 735 P 4% R 0 S 40 2 ALK T 0 45 10 o B 7 1 5 i 22



E TR fEd R =1 UER, JOLT R R, H) 2 N T2 M aig s B
BT T — MU, A SCHIE /4 7 HAEM I ASAAT AW TT . IR S iein )T « i HESR
3 BT ST T AR S

S35 30wk

[1] Alencar H, Funovics M A, Figueiredo J.et al.Colonic adenocarcinomas: Near-infrared
microcatheter imaging of smart probes for early detection - Study in mice. Radiology, 2007,
244,232-238.

[2] Upadhyay R, Sheth R A, Weissleder R.et al. Quantitative real-time catheter-based fluorescence
molecular imaging in mice. Radiology, 2007, 245, 523-531.

[3] Gee M S, Upadhyay R, Bergquist H.et al. Human breast cancer tumor models: Molecular
imaging of drug susceptibility and dosing during HER2/neu-targeted therapy. Radiology,
2008, 248, 925-935.

[4] Redman W T, Wolcott N S, Montelisciani L.et al. Long-term transverse imaging of the
hippocampus with glass microperiscopes. Elife, 2022, 11.

[5] Yang G, Pan F, Parkhurst C N.et al. Thinned-skull cranial window technique for long-term
imaging of the cortex in live mice. Nature Protocal, 2010, 5, 201-208.

[6] Boulware M J, Marchant J S. Timing in cellular Ca2+ signaling. Current biology : CB, 2008,
18, 769-776.

[7] Berridge M J, Lipp P, Bootman M D. The versatility and universality of calcium signalling.
Nature reviews. Molecular cell biology, 2000, 1, 11-21.

[8] Xu H, Li X, Liu D.et al. Follicular T-helper cell recruitment governed by bystander B cells and
ICOS-driven motility. Nature, 2013, 496, 523-527.

[9] Lv Y, Liu M, Zhang Y.et al. Cancer Cell Membrane-Biomimetic Nanoprobes with
Two-Photon Excitation and Near-Infrared Emission for Intravital Tumor Fluorescence
Imaging. ACS Nano, 2018, 12, 1350-1358.

[10] Skuba A, Manire M A, Kim H.et al. Time-lapse in vivo imaging of dorsal root nerve

regeneration in mice. Methods in molecular biology, 2014, 1162, 219-232.



